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Preface 


The  intensities  given  in  the  text  arc  based  upon  point  source  calibrations. 

After  this  report  was  completed,  the  calibration  was  reexamined.  Electrical  and 
optical  crosstalk  between  detectors  in  the  array  was  found  to  be  of  about  (>  percent 

for  the  individual  phenomenon.  Further,  a  low  level  response  on  the  order  of  I  ; 

1  to  3  percent  was  measured  off  the  detector  by  the  sensor  manufacturer.  Although  1 

these  effects  are  ''calibrated  out"  of  the  point  source  photometry,  they  will  produce  ; 

an  erroneously  high  measurement  on  extended  sources:  the  behavior  is  analogous  ; 

to  increasing  the  effective  field  of  view  for  each  detector.  All  the  intensity  values 
in  this  report  should  be  multiplied  by  0.  7  to  correct  for  these  effects. 
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An  Infrared  Survey  of  the  Diffuse 
Emission  Within  5^  of  the  Galactic  Plane 


1.  INTRODUCTION 

About  90  percent  of  the  celestial  sphere  was  sui'veyed  to  moderate  flux  levels 
in  broad  spectral  bands  centered  at  11  and  19.  8  pm  on  a  series  of  rocket  probe 
borne  experiments  flown  in  the  early  1970's  by  the  Air  Force  Geophysics  Labora¬ 
tory  (AFGl.).  Smaller  areas  were  also  covered  at  4.2  pm  (78  percent  of  the  sky) 

and  27.4  pm  (34  percent).  Initial  results  of  this  survev  have  been  published  in 

1  2  3 

catalog  form  by  Walker  and  Price,  Price  and  Walker,  and  Price.  These 
source  lists  were  generated  from  reduction  routines  which  incorporated  matched 
filters  designed  specifically  for  the  detecticm  and  photometry  of  point  sources. 

4 

The  survey  data  have  been  reprocessed  by  the  methods  outlined  by  Price,  in 
order  to  extract  information  on  extended  sources.  Preliminary  results  on  the 
11  and  20-pm  diffuse  emission  from  the  galactic  plane  for  the  region  I  <  30*^  were 

5 

presented  by  Price.  In  this  article,  the  measurements  presented  extend  the 
preliminary  results  to  other  colors  and  cover  most  of  the  longitude  region  between 
o”  <  ;  <  320".  The  general  results  from  these  observations  are:  (1)  The  in¬ 
plane  brightness  variation  with  respect  to  longitude  at  4.2,  11,  and  19.8  pm  is 
qualitatively  similar  to  that  found  at  2.4  pm,  the  far  infrared,  and  for  other 


(Received  for  publication  5  June  1980) 

Because  of  the  large  number  of  references  cited  above,  they  will  not  be  listed  here. 
See  References,  page  <>9. 
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tracers  of  galactic  structure;  (2)  between  5°  <  f  <  30°  the  4,  2  ^rn  emissit)n  is 
relatively  smooth  and  roughly  constant  with  a  full  width  at  !ialf  maximum  of  4  to  5° 
and  in-plane  radiance  of  about  2.0  X  10  W  cm  ^  pm  ^  sr  S  this  is  consistent 
with  the  diffuse  2.4  pm  observations  and  the  interpretation  that  emission  at  both 
wavelengths  are  due  to  M  giants  (T^  ~  2500°K):  (3)  the  11  and  19.  8  pm  diffuse 
emission  is  at  least  an  order  of  magnitude  larger  than  anticipated  either  from  the 
2.4  pm  observations  or  those  made  in  the  far  infrared:  and  (4)  considerable  struc¬ 
ture  is  observed  at  1 1  and  20  pm  due  to  HII  regions.  The  HIT  regions  are  meas¬ 
ured  to  be  largei'  than  the  3  by  10  arc  min  beam  size  and  are  comparable  to  the 
sizes  measured  at  radio  frequencies. 


2.  INSTRbMKNTATION 


2.1  .''ysloiii 

In  conducting  a  rocket -based  .survey,  one  notes  that  tlx'  sensitivity,  urea! 
Coverage,  spatial  and  spectral  resolution  must  bo  traded  off  against  tlie  constraints 
iiniiosed  by  tlu'  rocket  performane<',  the  dtifa  aci'uracy  requim-ment  s,  and  data 
f  rttnsm  i.s.sion  rttle  rest  rict  i(vn.s.  The  telesci>|>e  ct)llecting  aperture  and  observation 
time  are  limited  by  size  and  mass  iT  the  htirdware  which  may  be  flown.  The 
coverage  is  set  by  the  available  observation  time  and  settn  rate  which  is,  in  turn, 
a  function  c'f  the  desired  sensitivity,  the  deteetor  width,  and  telemetry  data  rate 
limits. 

Tlie  survey  instruments  list'd  for  the  AT'CiI.  infrared  survey  ex)ieriment s  were 
of  modest  size,  with  apertures  of  Hi.  a-em  diameter,  and  weighing  less  than 
20  kg.  Th('  requirements  for  a  fast,  compart  system  with  a  large,  relatively  flat, 
field  of  view  were  met  by  using  a  four-mirror,  folded  Gregoidan  optical  design 
witli  reimaging.  Tlie  internal  slo))S  and  baffles  |)ermi!ted  by  reimaging  and  folding 
the  optical  patli  were  used  to  reduce  self-emission  from  the  telescope  and,  along 
with  a  baffle  and  inner  radiation  shield  enclosing  the  oiitics,  to  minimize  the  side 
lohi'  response  of  (he  fele.scope. 

Thi-ee  8-eloment,  linear,  staggered  arrays  of  detectors,  each  array  filtered 
for-  a  dirferent  spectral  region,  were  mounted  at  the  fimal  plane  of  the  telescoiie. 

The  scliematic  layout  of  the  arrays  useii  for  tlie  first  seven  experinu'nts  is  shown 
in  figure  1.  These  arrays  used  doped  germanium  detectors  with  an  active  area 
of  10.  a  by  are  minutes  (3  V  10  sr)  and  center  to  center  sparing  for  adjacent 

(’lenients  of  8.8  are  minutes.  These  arrays  were  filtered  for  efreetive  wavelengths 
of  4.  2.  11.  n  and  19.  8  pm.  Doiied  silicon  detectors  were  emiiloyed  for  the  last  two 
riiglifs  and  the  detector  widths  increased  to  a  are  min  (4.  ,4  \  10  *’  sr  field  of  view); 
tile  4.2  pm  i-olor  was  replaced  In  one  centered  at  27.4  pm.  The  system  parameters 
foi-  (he  (wo  sets  of  filter-detector  combinations  are  given  in  Table  1. 
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Figure  1.  Configuration  of  the  Focal  Plane  Arrays 


Table  1.  Survey  System  Parameters  Fffeotive  Wavelength,  Bandwidth, 
and  Instantaneous  Field  of  View 


Northern  Experiments 

Southern 

lfxperiment.s 

(urn) 

(urn) 

(uml 

(um) 

4 

4.  15 

1.  n 

1  1 

U.  00 

14 

11.  11 

r->.  57 

20 

111.  80 

.'i.  5<l 

1  !>.  5,.i 

3.  OP 

27 

27.  42 

1.  44 

Field 

10.  fi  bv  3.  3 

D  arc  mm 

10.  ,')  bv 

5  arc  nun 

of 

VlfMV 

:i  X  10" 

4 .  6 

10'"  sr 

As  seen  in  Figure  2,  the  focal  plane  assembly  and  optics  are  conductively 
cooled  from  a  supercritical  helium  reservoir.  The  temperatures  of  al!  the  optical 
components,  baffles  and  stops  which  may  be  seen  by  a  detector  are  cold  enough  to 
eliminate  thermal  background  as  a  limiting  factor  in  the  detectors  performance. 
The  entire  system  is  enclosed  in  a  vacuum  housing. 


Figure  2.  C'ross-Sectic)n  Schematic  of  the  Infrared  Survey  Telescope 


The  signal  processing  electronics  amplified  and  shaped  the  signal  to  optimize 
the  signal-to-noise  for  the  design  scan  rate  of  27.  5  degrees  per  second.  The 
detector-preamplifier  output  was  AC'  coupled  to  the  first  stage  of  amplification  in 
order  to  eliminate  DC  drifts  and  offset  ptarblems  common  to  exti-insic  photocon- 
durtions.  A  high  frequency  boost  in  the  first  amplifier  stage  compensated  for  the 
1  f  b('havior  in  d<>tector  responsivity  due  to  the  coupling  of  the  load  resistor  and 
stray  capacitance  of  the  pi'oamplifier.  Another-  high-|\ass  filter,  placed  between 
the  two  stages  of  amplification,  reduced  sr-an  ni>ise  and  the  1  f  transistor  noise 
fi-om  previous  components.  Finally,  the  last  amplifier  stage  incorporated  a  low- 
pass  filter  to  attenuate  noise  at  the  high  frequenr-y  whi-i-e  there  is  i-elatively  little 
signal  |rowei'. 

The  rr'sulting  over  -all  detector,  (rreamplifier  amplifier  fi  equeni  y  response 
was  i-elatively  flat  in  the  r’leetronic  bandpass,  falling  at  tlu'  rate  of  18  dll  per- 
octavr'  at  the  high  fi'eriuencir-s  and  12  dll  per  octave  at  the  low  fr-equencies.  The 
tialf-powe>-  eha  i-acterist  ics  fre(|ueney  for  th<'  low  pass  filtering  was  set  at  the 
inver-.se  of  twice  the  dwell  time  of  a  point  source  sr-anned  at  27.  a  degi-er-s  per-  sec¬ 
ond.  The  half-power  frequency  of  the  high-pass  filtering  was  chosen  as  li>w  as 


consistent  with  dynamic  range  considerations,  in  order  to  include  as  much  of  the 
low  frequency  information  as  possible  from  extended  sources  in  the  bandpass. 

The  high-pass  filter  produced  ringing  in  the  signal  output,  the  negative  portions  of 
which  were  preserved  by  biasing  the  "zero"  volt  output  of  the  signal  processing 
electronics  to  a  positive  value. 

2.2  Payload 

The  rocket  payload  provided  the  observing  platform  for  the  telescope  during 
the  survey.  The  payload,  shown  schematically  in  Figure  3,  was  divided  into  four 
major  sections:  a  sensor  housing,  a  section  containing  the  support  instrumentation 
and  telemetry,  one  for  the  attitude  control  system  (ACS)  and  pneumatics,  and  a 
recovery  section. 


Figure  3.  Schematic  of  the  Rocket  Payload  Used  for  the  Infrared  Survey 


A  rigid,  single  piece,  magnesium  alloy  casting  was  used  for  the  telescope 
housing  and  aspect  platform.  This  casting  provided  the  stability  required  to  main¬ 
tain  geometric  alignment  between  the  star  tracker,  star  mapper,  and  infrared 
telescope.  The  star  tracker  defined  the  roll  axis  of  the  experiment  and  actively 
held  this  axis  fixed  in  inertial  space.  Prior  to  flight,  the  optical  axis  of  the 
tracker  was  accurately  coaligned  with  the  geometric  longitudinal  axis  of  the  pay- 
load.  The  in-flight  configuration  of  the  payload  was  then  dynamically  balanced  to 
bring  the  longitudinal  principal  moment  of  inertial  into  near  coincidence  with  the 
geometrically  defined  roll  axis.  The  azimuthal  reference  was  defined  by  a  star 
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mapper,  which  consisted  of  a  small  telescope  with  a  "N"  slit  focal  plane  mask  and 
a  Fabry  field  lens  to  image  the  objective  onto  an  S-11  photomultiplier  tube.  Azi¬ 
muthal  information  was  obtained  from  the  detections  of  stellar  transits  across  the 
recticle.  The  infrared  telescope  was  mounted  in  a  one-axis  gimbal  with  the  deploy¬ 
ment  axis  orthogonal  to  those  defined  by  the  star  mapper  and  tracker.  Conse¬ 
quently,  the  deployment  plane  of  the  telescope  contained  the  azimuth  reference. 

In  this  Configuration,  a  payload  "alt -azimuth"  coordinate  was  established  with  the 
star  tracker  coaligned  to  the  rotation  axes,  the  star  mapper  supplying  the  azimuth 
reference  and  the  telescope  deployment  giving  the  "altitude." 

Price  et  al*’  detail  the  procedures  used  to  align  accurately  and  calibrate  geo¬ 
metrically  the  three  instruments  in  the  payload  and  the  methods  used  to  process 
the  in-flight  measurements,  in  order  t<(  <ibtain  the  desired  arc  minute  accui  acy  in 
pointing  knowledge. 

The  support  instiunientation  section  contained  the  hardware  necessary  to  run 
the  experiment  and  transmit  the  data  to  the  ground.  The  ACS  used  a  roll  stabilized 
platform  with  position  and  rate  readouts  in  the  pitch,  yaw  and  roll  axes  to  control 
the  various  maneuvers  required  of  the  payload  during  flight.  More  accurate  posi¬ 
tion  and  control  was  obtained  in  pitch  and  yaw  from  the  star  tracker  during  the 
experinient.  A  nonreactive,  cold  helium  gas  pneumatic  system  was  employed  for 
maneuvering. 

The  payload  was  designed  so  that  all  surfaces  exposed  during  the  experiment 
eould  be  easily  cleaned.  The  volumes  which  for  practical  reasons  could  not  be 
cleaned,  for  example,  the  gimbal  housing  and  the  sections  containing  the  elec¬ 
tronics  were  sealed  and  vented  through  absolute  filters  during  the  flight.  Also, 

the  clean  payload  ivas  separated  from  the  rocket  sustnincr  prior  to  each  oxperi- 

7 

ment.  Price,  Cunniff  ;md  Walker  describt'  the  problems  posed  by  particulate 
contamination  for  a  space  borne  infrared  sensor  and  the  procedures  used  at  AFGI. 
to  reduce  and  control  this  contamination. 

;i.  THb  K.XPbKlMKM 

.1.1  Experiment  Profile 

All  experiments  were  conducted  essentially  in  the  same  manner.  The  payload 
was  lifted  above  the  atmosphere  by  a  spin  stabilized,  Nike  boosted,  liquid  fueled 


fi.  Price,  S.  D. ,  Akerstrom,  D.  S. ,  Cunniff,  C.  V. ,  Marcotte,  I..  P.  ,  Tandy, 

P.  C, ,  and  Walker,  R.G.  (IhTH)  Aspect  Determination  for  the  AFGI. 
Infrared  Celestial  Survey  Fxperiments,  AFGI. -Til -78-0253,  AD  A0(i7  017. 

7.  Price,  S.  D.  ,  Cunniff,  C.  V. ,  and  Walker,  II.  G.  (1078)  Cleanliness 

Consider  itions  foi-  the  Al'GI.  Infrared  Celestial  Survey  Fxperiments. 
AFGI.-TR-78-0171,  AD  AOfiO  11(1. 
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Aeroboe  rocket.  Shortly  after  powered  flight,  the  noise  cone  and  the  doors  to  the 
star  mapper  and  telescope  housing  were  ejected  since  the  residual  aerodynamic 
drag,  and  centrifugal  force  from  the  spin  could  sweep  these  items  below  and  away 
from  the  vehicle.  The  vehicle  was  despun  and  separated  from  the  rocket  motor  as 
Soon  as  the  aerod^mamic  forces  were  reduced  to  a  level  at  which  the  separated 
payload  was  stable  and  controllable  by  the  AC'S. 

After  the  AC'S  captured  control  of  the  payload  attitude,  the  longitudinal  axis 
and,  consequently,  the  star  tracker's  optical  axis  were  maneuvered  to  a  pro¬ 
grammed  set  of  inertial  coordinates  corresponding  to  the  celestial  position  of  a 
bright  star.  The  stars  and  launch  titues  were  chosen  so  that  the  poles  of  i-otation 
were  near  local  zenith  and  meridian  transit.  Once  star  presence  w'as  sensed  by 
the  star  trackei',  contiol  of  the  pitch  and  yaw  jets  was  transfei-red  from  the  posi¬ 
tion  gyroscopes  to  the  tracker.  The  error  signals  from  the  tracker  were  used  by 
the  AC'S  to  null  precisely  the  trackers  optical  axis,  and  hence  the  payload  roll 
axis  to  the  star,  maintaining  this  leference  under  roll  maneuvering  throughout  the 
flight . 

The  infrared  telescope  was  then  deployed  and  the  payload  spun  up  about  the 
roll  axis  to  gcaierate  the  survayv  scan.  The  survey  scanning  geometry  is  shown  in 
I'igure  4.  The  payload  rcitatcs  at  a  roll  rate,  u,  about  a  pole  of  r-otation  defined 
by  the  celestial  coordinates,  Oj,  6^,  of  the  star  near  local  zenith  (Z)  to  which  the 
star  tracker  is  locked.  The  field  of  view  of  the  telescope  sw'ept  along  a  small 
circle  centered  on  the  pole  star  at  a  '/.enith  angle  (z),  set  by  the  telescope  deploy¬ 
ment.  ;\('tcr  till'  comfjiefion  of  eai'h  ilhO'’  roll  maneuver,  the  si’iisor  was  stepfted 
l^’l,  sHchtly  less  than  llie  1?2  total  cross  scan  field  of  \'iew  of  the  telescope. 

Three  r('ll  r.ate  changes  were  programmed  to  ci'mpcnsate  hn'  the  secant  z.  distor¬ 
tion  inherent  in  this  scanning  geometrv  and  to  maintain  roughly  a  constant  effective 
linear  scan  rate  throughout  the  experiment. 

The  telescope  was  stowed  and  capped  at  the  end  of  the  experiment  and  pavload 
recovered;  the  equipment  was  refurbished  and  flown  again.  The  first  seven  flights 
were  conducted  from  the  White  Sands  Missile  llange.  New  Mexico  (32?,')  N.  latitude), 
and  (he  last  two  from  Wootnera,  ,Australia  (■')2''.S). 

3.2  rhe  .''lino  Dal.i 

Mach  ex])eriment  produced  several  digital  data  tapes  I'onlaining  hhe  su!'\’ey 
liata.  I'hese  tapi  s  were  generated  in  the  following  manner.  The  amplifier  voltage 
ou'puts  Ir-om  eacli  of  the  24  detectim  channels  were  sampled,  multi|)lexed,  and 
fligilized  into  lO-hil  liinary  words  by  a  pulse  code  modulation  (Pt'A!)  encoder.  The 
.'.mplifier  gains  were  designed  for  a  preaniplifier  limited  root -mean-square  (RM.S) 
noise  N.ilue  apitroximal  elv  equal  to  the  digiti  lization  level.  I’he  resulting  d,\aiamic 


Figui-o  4.  The  Survey  Sean  Goemetry.  The  local 
zenith  is  at  2.  and  celestial  pole  at  P.  The  star  tracker 
is  locked  to  a  star  near  local  zenith  which  has  celes¬ 
tial  coordinates  and  6j.  The  payload  is  spun  at  an 
angular  velocity  w  with  the  telescope  deployed  to  var¬ 
ious  zenith  angles,  z 

range  is  about  liOO  as  the  quiescent  levels  of  the  aniplifiers  wei'e  biased  to  about 
40  percent  of  full  scale  to  preserve  the  negative  signal  excursions  due  to  high-pass 
filtering. 

Tlie  PCkl  encoder  formatted  the  data  into  a  serial  steam  of  thirty  10-bit  words 
which  included  the  24  infi-arcd  detector  channel  outputs,  the  star  mapper  data,  and 
diagnostic  and  status  information  on  the  telescope,  payload  and  ACS.  The  sample 
l  ate  was  high  enougli  to  give  4.  2f)  data  values  during  the  transit  of  a  point  source 
across  a  detector.  This  meant  that  with  the  18  dB  per  octave  low -pass  filter  in 
the  signal  electronics,  less  than  0.2  percent  of  the  noise  power  was  aliased  due  to 
the  sampling. 

The  PCkl  data  were  telemetered  to  the  ground  during  the  flight  and  recorded 
on  a  high-speed  analog  tape  along  with  a  locally  generated  time  code.  These 
tapes  were  subsequently  decoded  and  reformatted  into  the  raw  digital  data  tapes. 

examples  of  the  raw  digital  data  from  the  first  experiment  are  shown  in 
Figures  5,  (1,  and  7,  demonstrating  the  diverse  nature  of  the  output.  Except 
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Figure  5.  Example  of  a  Point  Source  Signature,  The  output  of  the  star  RT  Vir 
is  shown  in  the  seventh  group  of  detectors  in  the  middle  of  the  figure.  Each 
group  of  outputs  correspond  to  the  three  colors  in  a  given  row  (.f  detectors,  the 
11  pm  channel  is  at  top,  4  pm  in  the  middle  and  20  um  at  the  bottom  of  the 
group.  The  groups  are  arranged  in  increasing  zonitii  angle  fi-om  top  to  bottom. 
The  4 -pm  detector  in  the  eighth  row,  number  1(>,  was  anomalously  noisy  and  is 
deleted 


for  number  IB,  the  uncalibrated  outputs  of  the  channels  are  plotted  as  a  function  of 
the  azimuth  of  the  center  line  of  the  focal  plane.  The  azimuthal  offsets  of  the 
detector  elements  in  the  array  produce  a  staggered  signal  from  a  source  transit. 

The  data  are  ordered  into  eight  groups  of  three  outputs.  Each  group  displays 
the  information  from  a  row  of  detectors  with  the  top  row  of  the  array  (smallest 
zenith  angle)  at  the  top  of  the  figure.  Further,  the  outputs  are  arranged  within  a 
group  in  order  of  a  source  transit,  the  11-pm  channel  at  top,  4.2  pm  in  the  middle 
and  19.  8  pm  at  the  bottom  (see  Figure  3).  The  tick  marks  on  the  amplitude  axis 
denote  the  quiescent,  or  bias,  level  cf  each  detector. 

A  point  source  signature,  due  to  a  stellar  transit,  appeal’s  in  the  seventh  row 
of  detectors  in  the  middle  of  Figure  5.  The  star  is  the  semiregular  variable 
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Figure  ().  Extended  Source  Signature.  The  radio  source  \V40  (Westerhout)  is 
shown  in  the  center  of  the  figure  on  the  top  three  rows  of  detectors.  The  width 
of  the  source  is  evident  both  in  scan  and  cross  scan.  Arrangement  of  the  out¬ 
put  display  is  the  same  as  for  Figure  5 


15T  Vir,  spectral  type  Ml).  Sini'e  the  relative  11  and  20  um  responses  are  roughly 
equal  and  about  five  times  Hint  at  4  pm,  the  source  is  seen  to  be  comparatively 
watni  (T  ~  10'^'^’k)  from  the  relative  signal  amplitude  in  the  different  colors.  The 
cool  extended  source  \V40  (Westerhout)  is  shown  on  the  top  three  rows  of  Figure  I). 
Here  the  absence  of  significant  4.  2  um  signal  and  the  relative  amplitudes  in  the 
11  and  It'.ii  (jm  colors,  indicate  that  this  is  a  cool  (T^  ^  220‘^K)  object.  The  source 
extends  over  lialf  the  1.2*  cinss  scan  field  of  the  focal  plane  and  the  signatures 
from  the  individual  detectors  are  noticeably  wider  than  that  due  to  a  point  source. 
These  factors  attest  to  the  significant  angular  extent  of  this  object. 

I'igure  7  sliows  si-veral  phenomena.  The  cold  lOOani  souta  e  HFI-i  40  (from 

p 

the  list  of  Hoffman,  Frederick  and  Finery),'  is  seen  on  rt'W  one.  The  absence  of 

8.  Westerhout,  C.  (IhriD)  A  Survey  of  the  Continuous  Radiation  from  the  Gttlactic 
System  of  a  Frequency  of  l.lPO  Me  .s,  Hull.  Astron.  \eth.  14:21a. 

Hoffmann,  W,  F. ,  I'rederick,  C.  1..,  and  Emery,  R.J,  (1!>71)  lOO-AHci-on 
Survey  of  the  Gtilaitic  I’laiio,  Astrophys.  J.  (Fetters)  170:1,89. 
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r  itjure  7.  Impulse  Hesponse.  An  impulse  response  of  the  system  due  to  a  cos¬ 
mic  ray  is  seen  on  channel  a  with  the  attendant  crosstalk  on  channel  six.  Source 
number  40  of  I'  iffmann,  Frederick  and  Emery  appears  on  channels  1  and  17, 

The  crossing  of  the  galactic  plane  is  centered  on  the  figure 


4.2-i.(m  emission  and  the  relalivi'  11  and  10.  8-um  amplitudes  again  indicate  the  low 
temperature  of  the  sour(-e.  and  the  signature  width  reveals  the  source  to  be  ex¬ 
tended  with  respect  to  ttie  ,'?..'tri  arc  min  in  scan  extent  to  the  detector.  Barely 
visible  on  the  1  1 -u  m  etiannels  (numbers  1  to  8)  is  thi-  emission  from  the  galactic 
plane  which  mav  he  seen  as  ;i  wide  1  )  positive  excursion  whose  peak  runs  diag- 
onrillv  acrcr.ss  ihr  figiire  from  an  a/imuth  of  about  134.  fi"  for  channel  1  to  about 
l.'td.d"  (or  channel  II.  I'racking  the  peak  is  the  broad,  shallow  negative  signal  pro¬ 
duced  b\-  the  higii-pass  filtt'ring  of  the  electronics.  The  large  pulse  in  the  center 
of'  1  iguri-  7  IS  due  to  a  eosmir  ray  event  to  which  the  detector  crystals  were  sensi¬ 
tive.  The  energv  deposition  into  the  detector  element  by  the  event  is  set  fast  that  it 
mav  be  (  onsiriereil  .is  a  delta  function  wilh  the  resulting  signature  eharaeteristic  of 
the  impulse  response  of  the  svsteni.  This  pulse  is  significantly  shorter  and  with  a 


faster  rise  time  than  that  due  to  a  point  source  transit.  The  negative  signal  excur¬ 
sion  due  to  the  high-pass  filter  is  clearly  evident,  amounting  to  about  8  to  12  per¬ 
cent  of  the  peak  value.  The  concurrent  pulse  in  row  6  is  due  to  electronic  cross 
talk  which  was  t5rpically  about  5  percent  between  adjacent  channels. 

These  figures  are  ordered  in  time  during  the  experiment.  A  general  increase 
in  noise  level  is  evident  in  Figure  7  as  compared  to  Figures  5  and  6.  As  the 
experiment  progressed,  the  telescope  was  stepped  closer  to  the  horizon  of  the 
earth,  which  resulted  in  an  increasing  detector  background  from  the  earth  shine 
through  the  side  lobe  response  of  the  optical  system.  The  noise  varies  as  the 
square  root  of  the  increase  in  this  background,  producing  a  time,  or  more  accu¬ 
rately  deployment,  dependence  in  the  noise  level. 

On  the  nine  flights,  over  100,  000  square  degrees  of  sky  was  scanned.  For 
eight  of  these  experiments,  the  galactic  plane  was  crossed  twice  per  roll  and  these 
crossings  were  processed  for  measurement  of  the  diffuse  infrared  emission.  Over 
8,  000  scans  were  examined;  of  these,  the  data  from  one  experiment  was  dominated 
by  extraneous  factors,  appearing  as  correlated  noise;  these  measurements  were 
deleted  from  further  consideration.  The  remaining  scans  covered  over  three 
quarters  of  the  galactic  plane;  these  data  are  presented  in  this  report. 


4.  DATA  REDUCTION 

The  experiments  were  designed  to  maintain  approximately  the  same  constant 
effective  linear  scan  rate  on  all  rolls  for  all  flights.  Consequently,  with  the  survey 
geometry,  the  transit  time  across  a  latitude  band  centered  on  the  galactic  equator 
will  be  a  function  of  the  galactic  latitude  of  the  pole  star  and,  to  a  smaller  degree, 
the  deployment  angle  of  the  telescope.  The  minimum  transit  time  across  the 
galactic  plane  would  be  produced  by  a  pole  star  in  the  plane.  This  situation  results 
in  the  highest  spatial  frequencies  due  to  the  diffuse  emission  from  the  plane  and 
minimum  attenuation  of  the  signal  by  the  high-pass  filter.  Such  is  the  case  in 
Figure  8,  which  depicts  the  uncalibrated  outputs  of  the  eight  11 -^m  channels  as  they 
were  scanned  across  the  galactic  plane  at  a  longitude  of  about  30°  with  a  Lyr, 
b  2:  19°,  for  the  pole  star.  The  broad  signal  centered  on  the  plane  is  quite  evident. 
On  the  other  hand,  the  transit  time  across  the  plane  in  Figure  7  was  about  twice  as 
long  and  suffered  over  twice  the  attenuation  than  shown  .n  the  data  in  Figure  8. 

Thus,  it  is  evident  that  the  extended  source  information  is  in  the  data,  and  remains 
to  be  extracted  by  adequately  compensating  for  the  attenuation  due  to  the  high -pass 
filter. 

Extensive  use  of  Fourier,  Laplace  and  z-transforms  and  their  application  to 
signal  processing  is  made  in  the  following  description  of  the  data  processing 
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I'igui'o  y.  I  nodiiiponsaloii  output  for  a  Galactic  Plane  Crossing.  The  longitude 
of  the  dcpicti’d  region  i.s  about  30“,  Al?  Aql  is  the  peak  at  b  ~  0”  on  channel  one; 
W40  (W'esterhout)  is  detected  on  channels  1  through  3  at  b  ~  3'.’5 

techniques  used  to  exti-act  the  exti'nded  source  signals.  Braeewell^^  gives  a  good 
general  discussion  of  these  transforms,  their  interrelations  and  the  application  of 
the  l.aplace  transfoi  iiis  to  electrical  circuits.  An  excellent  presentation  of  z- 
ti  ansforms  and  their  applicability  to  filter  design  and  signal  processing  ;nay  be 
found  in  (ippenheim  and  Schafer. 

The  detector-preamplifier  channel  electronics  described  in  Section  2  produces 
an  output  Voltage,  (t),  due  to  a  time  varying  irradiance,  \V(t),  caused  by  the 
sensor  scan  and  modified  by  the  system  transfer  function.  Mathematically,  V^^(t) 
and  VV(t)  ar  e  related  through  the  system  transfer  fun -tion  by 


10.  Hrace-.vell,  H.  (IPtih)  The  Fourier  Transform  and  Its  Application,  McGraw- 

Hill,  Inc.,  \ew  >'ork. 

11.  Oppenheim,  A.  V.  ,  and  Schafer,  H.W'.  (1075)  Digital  Signal  Pr  ocessing, 

Prenticr'  Hall,  Inc.,  Knglewood  Cliffs,  N.J. 
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where  1.  and  1.  are  the  direct  and  inverse  Laplace  transforms;  the  detector 
responsivity  measured  across  the  load  resistor;  s  is  the  complex  Laplacian  fre¬ 
quency  variable  and  the  u^'s  the  characteristic  angular  frequencies  of  the  various 
filter  stages.  The  filters  were  resistor-capacitor  networks  which  have  an 
u-  =  1/RC  =  w'ih  resistor,  R,  capacitor,  C,  and  a  half  power  (3  dB)  frequency, 

f^.  in  hertz;  G  is  the  total  system  gain. 

The  transfer  function  in  Eq.  (1)  assumes  that  the  1/f  variation  in  detector  re¬ 
sponse  is  exactly  compensated  by  the  high  frequency  gain  in  the  first  amplification 

■> 

stage.  The  first  term  in  the  transfer  functicin,  s"/(s  +  Uj)(s  +  u.^),  arises  from 

the  12  dB  per  octave  high  pass  filter  (second  order  zero).  The  last  term, 

2  2 

(s  +  +  w,^),  is  the  18  dB  per  octave  low -pass  filter  (third  order  pole). 

Compensating  for  the  high-pass  filtering  is  straightforward.  The  L.aplace 
transform  of  the  output  voltage  is  divided  by  the  high-pass  filter  terms.  Specif¬ 
ically 


lUs) 


2 

_ s _ 

(s  +  u^)(s  +  w.jl 


(2) 


The  invei'se  of  Il(s)  is  defined  as 
,  (s  +  w,  )(s  +  UJ,,) 

11*  (s)  - ^  (3a) 

s 

niagnitudr  j-espimHc  thiji  inverso  TUtiM*  function  is  ^wen  in  the  Fourier  do- 
nmin  as 
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\iiW,  multiplying  both  sides  of  the  l.aplace  transform  of  ICq.  (1)  by  the  inverse  high- 
pass  filter  given  m  I'.q.  (3a),  one  gets 


ir^(s)l,(V_  (t)) 


l.(\V(l)R^,l 


(s  +U'.^)(s  + 


(4) 
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Unfortunately,  V^(t)  is  not  analytic  and  the  evaluation  of  its  Laplace  transform 
is  cumbersome.  Further,  the  data  are  not  continuous  but  sampled  and  digitized. 
Thus,  a  digital  equivalent  to  the  operation  in  Eq.  (4)  is  needed. 

The  one-sided  z-transform,  V(z),  of  a  sequence  {v^}  is  defined  by  a  polyno¬ 
mial  in  the  complex  variable  z  as 


V(z)  =  X 


'^n  " 


where  v(n)  is  the  sampled  sequence  of  output  voltages  which  begins  at  n  =  o.  The 
digital  equivalent  of  the  inverse  filter  in  Eq.  (3a)  is  obtained  from  the  bilinear 
transformation  which  applies  the  substitution 

2  1  -  z  ^' 

S  •  - p  T  =  sample  interval  time 

1  +  z'^ 

and  distiirts  the  analog  angular  frequency,  by 

- 1 

=  2  tan  — ^ — 

The  bilinear  transformation  was  used  in  preference  to  others  as  it  is  free  from 
aliasing  and  produces  a  stable  digital  filter  from  a  stable  analog  equivalent. 

With  these  substitutions,  the  digital  equivalent  to  Eq.  (3a)  is 


(1-7  W- 


c  gain 
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The  digital  equivalent  to  Eq.  (4)  is 


(z)V(z)  =  W(z)R^ 


G'(l  +  z~^)^ 

(1  -  yz  ^)^(1  -  ez 
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where  W(z)  is  the  discrete,  sampled  values  of  the  radiance. 

Applying  the  inverse  filter,  (z),  to  the  raw  output,  one  notes  that  this  pro¬ 
duces  the  discrete  time  sequence  of  the  background  irradiance  modified  by  the  low 
pass  electronic  filter.  Thus,  at  least  mathematically,  the  low  frequency  content 
of  the  background  is  restored.  Practically,  there  are  inherent  difficulties  in  using 
the  inverse  filter. 

As  may  be  seen  from  Eq.  (3b),  the  inverse  filter  has  infinite  gain  at  zero 
hertz  and  restoration  at  this  frequency  produces  an  indeterminate  result.  Conse¬ 
quently,  the  constant  or  DC  component  of  the  background  is  permanently  lost. 
Further,  the  very  large  gain  of  the  inverse  filter  at  low  frequencies  will  consider¬ 
ably  enhance  the  1/f  detector  and  electronic  noise,  creating  problems  in  the  sta- 
bilitj^  of  restoring  long  sections  of  data  and  making  the  signal-to-noise  of  the  ob¬ 
servation  a  function  of  frequency  content  of  the  raw  signal  as  well  as  intensity 
of  the  source.  Another  way  of  interpreting  this  is  that  scanning  a  given  area  of  the 
galactic  plane  with  an  experiment  which  has  a  pole  star  in  the  plane  produces  a 
better  quality  restoration  than  a  pole  star  of  high  galactic  latitude.  Further,  the 
stability  difficulties  are  solved  by  limiting  the  restoration  to  only  those  sections  of 
data  containing  the  source  of  interest,  such  as  the  galactic  plane,  and  adopting  a 
value  of  the  DC  or  background  level  external  to  the  boundaries  assumed  for  the 
source.  Departures  of  the  data  from  the  assumed  constant  background  are  then 
taken  as  baseline  variations  which  are  to  be  corrected. 

The  digital  filtering  in  liq.  (lib)  may  also  be  expressed  as  a  recursive  relation 


>n  g  (''n  -  "  '^^'n-l  "  ‘^'^'^n- 


2’  ^  “  >n-l  ->n-2 


with  as  the  output  sequence.  In  this  case  the  z-transform  has  advantage  over 

the  discrete  fast  Fourier  transform  in  that  the  data  manipulation  is  more  compact, 
.as  it  depends  only  on  two  previous  output  values  and  a  weighted  second  difference 
of  the  input;  this  is  a  simple  operation  with  limited  storage  requirements  and  no 
assumption  of  periodicity. 


The  values  of  a  and  jl  -.vt'ic  determined  by  a  systems  identification  analysis  on 
selected  sections  of  the  data.  Initial  estimates  of  o  and  /I  were  obtained  from  the 
circuit  components  and  used  to  rectify  a  signal  by  means  of  Eq.  (7),  with  the 
result  being  compared  to  a  model.  Alpha  and  0  were  iteratively  adjusted  by  the 
method  of  steepest  descent  until  the  sum  square  difference  between  the  rectified 
signal  and  model  was  minimized.  Correct  values  of  a  and  (3  would  produce  an  out¬ 
put  for  a  rectified  impulse  which  returned  to  zero  level,  with  no  ringing,  after  an 
interval  specified  by  the  time  constants  of  the  low -pass  filter.  The  adopted  model 
was,  thus,  a  zero  level  after  a  specified  time  from  the  beginning  of  the  pulse.  The 
rectified  pulses  consisted  of  a  number  of  cosmic  ray  impulses  plus  a  few  large 
amplitude  stellar  signals.  Simultaneous  sum  square  minima  were  required  between 
all  the  pulses  and  the  model. 

The  next  problem  in  the  low  frequency  restoration  was  presented  by  the  initial 
conditions.  To  illustrate.  Figures  9,  10,  and  11  show  the  raw  and  rectified  output 
for  two  11 -um  and  one  SO-um  channels,  respectively,  as  they  scanned  roughly  along 
the  galactic  plane.  While  the  reference,  or  zero  level  of  the  restored  data  in 
Figures  9b  and  10b  are  reasonable  and  stable,  that  in  Figure  11b  is  obviously  not. 
The  undulating  baseline  in  Figure  ll'b  is  due.  in  part,  to  the  low  frequency  noise 
and  to  errors  in  assuming  that  the  initial  values  of  the  data  are  zero.  An  error 
either  in  the  assumed  bias  level  of  the  input  data  or  the  input  and  output  values 
previous  to  the  first  data  point  will  result  in  a  parabolic  dt'viation  of  the  baseline 
due  to  the  double  integration  in  Hq.  (7). 

These  trends  and  the  low-frequency  noise  may  be  handled  if  it  is  assumed  that 
the  extt'nded  Source  of  interest  is  entirely  contained  in  the  restored  data  segment 
and  the  unwanted  variations  represent  baseline  drifts  of  reasonably  low  order  poly¬ 
nomial  trends.  In  this  ease,  differenring  the  rectified  data  prttduces  an  output  that 
averages  to  zero  for  th<'  sourre  i>i'  interest  and  a  constant  indicative  of  the  linear 
trend  in  the  baseline.  Account  of  higher  order  trends  is  obtained  by  averaging  the 
second,  third  or  higher  differences.  For  the  galactic  plant'  t'l'ossings,  a  third 
lO-der  iiolynomial  was  fountl  to  fit  the  maiority  iif  the  bnst'lines.  Spt'eifically, 
eoricc'ted  second  di  fft'rcnccs  of  the  tt'clified  signal  were  derived  by  integral  ing  the 
third  di  ffe  I'cnees  minus  their  average.  An  average  of  the  twice  differenced  data 
was  found,  subtracted  from  these  data  and  the  result  numerically  integi'ated  to 
produce  a  Ciu  rected  single  differeneed  output.  The  cori'i'ctt'd  single  differeneed 
values  are,  in  turn,  averaged,  the  average  subtracted,  and  the  result  integrated. 

Tho  final  constant  of  integration  is  taken  as  the  average  of  the  values  external  to 
the  soUrc<-  limits. 

In  general,  the  extent  of  the  galactic  plane  was  tak('n  to  he  t’l”  latitude  for  the 
4 .  J -u  m  channels  and  td'’  for  the  11,  19.8  and  27.4  ^m  outputs  in  fitting  the  base¬ 
line.  ri'.e  11  anrl  19.8-^111  limits  in  the  Cygnus  .N  complex  of  emission  regions 
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Figure  9a.  I’nconipf  nsated  ll'um  data  for  an  ll-pm  Scan  Along 
the  Galactic  Plane 


Figure  9b.  Ilectificd  (lutput  fur  the  Data  in  Figure  Oa.  Baseline 
corrections  have  not  been  made 
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Figure  10a.  Fncomoensated  Data  for  the  H-)im  Channel  Adjacent 
to  that  in  Figure  9a 


Figure  11a.  Uncompensated  20-fim  Output  for  a  Scan  Along  the 
Galactic  Plane 


Figure  lib.  Rectified  Output  from  Data  in  Figure  11a.  Baseline 
corrections  have  not  been  made 
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wr/'e  pxtc'ndcd  to  -4",  +5*’  latitude.  The  restored  scans  were  examined  after  base¬ 
line  corrections  and  all  channels  with  uncompensated  signal  saturation,  telemetry 
dropouts,  and  associated  nonlinear  effects  in  the  raw  data  stream  eliminated  from 
further  cimsideration. 

Another  baseline  fitting  was  done  in  an  attempt  to  eliminate  possible  higher 
order  variations.  An  initial  baseline  consisting  of  the  data  outside  the  source  limits 
and  a  linear  interpolation  interior  to  the  limit  values  is  assumed.  The  Fourier 
transform  of  these  values  are  apodized  with  a  Rlackman  windowing  function^^  and 
the  inverse  transform  of  the  result  taken  as  the  updated  baseline.  The  original 
data  external  to  the  source  limits  are  substituted  intt)  the  updated  baseline  and  the 
result  transformed,  apodized.  and  the  inverse  taken.  This  prt)cedure  is  repeated 
until  the  sum  square  difference  between  the  updated  baseline  and  the  original  value 
outside  the  source  limits  fall  within  a  goodness  of  fit  criterion.  The  baseline 
interior  to  the  source  limits  should  bo  driven  to  assume  the  same  trends  and  fi-e- 
quency  characteristics  of  the  values  outside  these  limits  by  this  procedure. 

The  baseline  trends  are  necessarily  of  fairly  low  frequency  compared  to  the 
source  signal  in  order  for  them  to  be  separated  from  the  source.  Consequently, 
the  actual  baseline  dcter-mination  was  performed  on  rectified  data  which  were 
decimated  after  being  smoothed  with  a  moving  average  filter.  The  differencing 
interval  for  the  first  baseline  fit  was  taken  to  be  roughly  the  half-width  of  the 
source  signal.  The  final  baseline  was  interpolated  to  the  original  sampling  fre¬ 
quency,  then  subtracted  from  the  rectified  data  in  ord(>r  to  establish  the  zero  refer¬ 
ence  level.  An  example  of  rectified  scans  after  baseline  corrections  is  given  in 
Figure  12  which  shows  the  data  taken  from  lUgure  8  after  restoration  with  the 
recursive  operation  of  I'q.  (7)  and  the  btiseline  corrections. 

The  next  step  is  to  apftly  the  |)hotometric  calibration  to  the  restored  data.  The 
calibration  of  the  survey  [ihotomet  ry  on  ('ach  detector  has  been  describt'd  in  detail 
by  Price  and  Walker.  The  stilient  points  from  this  article  are;  (1)  The  stars 
observed  during  the  survey  were  the  primary  calibration  sources;  (2)  the  instru¬ 
ments  were  remarkably  stable  under  different  background  conditions  and  over  a 
two-year  period:  and  (2)  th<'  relative  responses  of  the  detectors  in  a  color  band 
from  extended  phenomena  were  in  good  tigretmient  with  the  relative  values  obtained 
from  the  point  source's. 

The  point  source  amplitudes  used  in  the  calibration  were  obtaini'd  from  a 
cross  correlation  with  a  model  pulse  and  were  equivalent  to  the  peak-to-peak  value 
of  the  Source  signature.  Numerically,  these  values  are  the  same  as  the  zero  to 
peak  amplitudes  for  rectified  signals,  which  implies  that  the  stellar  calibrations 


12.  Price,  S.  D.  ,  and  Walker,  It.G.  (1078)  Calibration  of  the  HiSta r  Sensors, 
AFGI.-TR-78-0172,  AD  AOlil  020. 
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Figure  12.  Recti fie'd  11  pni  Scans  Across  the  Galactic  Plane.  The  data  from  Fig¬ 
ure  8  has  been  rectified  and  baseline  trends  subtracted 


are  applicable  to  the  I'xtended  source  data.  The  relative  calibration  obtained  by 
12 

Price  and  Walker  fi-om  rectified  extended  Source  measuri'ments,  scale  to  within 
ti  maximum  difference  of  25  to  30  percemt  of  the  stt'llar  calibration.  Since  point 
Source  response  varied  over  the  surface  of  a  detector,  tlu'  relative  responsi's  ob¬ 
tained  fi-om  the  extended  sources  were  adopted.  The  relative  values  were  averaged 
in  each  color  then  scaled  to  0.  85  of  the  average  in  each  respective  ct>lor  obtained 
from  the  calibration  using  the  stars.  This  scale  factor  is  the  size  of  the  discre[5- 

ancy  found  between  the  survey  magnitudes  and  those  measured  from  the  gi'ound  on 

12  1 3 

reasonably  stable  stars.  Price  and  Walker,  “  Cehi  z  et  al  '  and  Rudy, 

14 

Closnell  and  Willner  found  that  in  general  thi'  AFGI.  magnitudes  were  0.  1  and  0.2 
magnitudes  brighter  than  measured  from  the  ground.  I'lu'  relative  calibration 
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derived  from  extended  source  measurements  exhibited  an  internal  consistency  of 

10  to  15  percent,  v/hereas  the  scatter  in  the  survey  stellar  measurements  was 

12 

found  to  be  30  to  50  percent  by  Price  and  Walker. 

The  exti'insic  photoconductive  detectors  used  for  these  experiments  are  subject 

to  a  variety  of  nonlinear  effects  associated  with  high  background  photon  flux. 

15 

Sayre  ct  al  ‘  observed  a  marked  variation  in  spectral  responsivity  for  a  Si:As 
detector  operated  under  a  high  background  by  masking  the  photosensitive  area  with 
apertures  of  various  ar-eas  and  geometry.  Arrington  and  Eisenmann  ’’  found 
a  backgr  ound  dependence  for  the  responsivities  of  the  focal  plane  arrays  used  on 
the  southern  hemisphei-e  exper  iments.  Also,  dielectric  relaxation  effects  can 
pt-oduce  an  enhancement  of  low  frequency  response.  The  photon  background 
incident  on  the  detectors  appears  to  be  the  dominant  influence  on  all  these  effects. 

These  nonlinearities  are  incorporated  in  the  over-all  calibration  errors.  The 
effects  of  geometry  of  the  detector  illumination  should  be  negligible  as  all  the  focal 

planes  used  had  an  apertur-e  tnask  over-  the  detectors,  which  shaded  the  contacts. 

1  o 

If  the  effor  ts  noted  by  Sayre  et  al  apply  to  these  focal  planes,  then  source  geom¬ 
etry  would  have  sniall  secondary  effects  compared  to  that  due  to  shading  the  con¬ 
tacts.  The  Sayre  i-t  al  results  were  ol  'ained  under  very  high  illumination,  several 
orders  of  magnitude  above  that  seen  by  the  sur-vey  detectors  even  under  the  worst 
eartlishine  r-onditions;  it  is  unclear-  that  geometry  effects  are  as  important  under  the 
lower-  background  conditions. 

DivU'ct  ric  r-elaxatirin  and  responsiwity  changes  wer-e  found  not  to  be  significant. 
12 

I'l'icc  and  Walker-  “  found  that  not  only  was  the  survey  calibration  stable  over  a 
two-ycar-  period  (the  fi  r-st  six  expei-iments  used  the  sar-ne  telescope  system)  but 
responsivity  variations  of  no  larger-  than  10  percent  were  observed  for  changes  of 

3 

as  iruicli  as  10'  in  detector  backgt-ound.  I-'ui-tlret-,  the  relative  calibration  obtained 
from  sc'Ui-cos  with  a  r-ange  of  spr-r-tral  fi-cqur-ncy  dist  )-ibutions  that  illuminated  the 
full  field  of  the  detector  was  found  to  scale  within  20  percent  of  that  obtained  from 
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the  stars.  These  extended  sources  were:  (1)  a  series  of  pulses  froni  an  internal 
stimulator  during  the  three  roll  rate  changes;  each  pulse  in  the  series  lasted 
about  20  msec;  (2)  the  amplitude  of  the  rectified  signal  from  the  shock  front  of  the 
re-entering  sustainer,  the  width  at  the  half  intensity  point  vai  ied  fi-oni  2')  msec  to 
as  long  as  one  second;  and  (3)  the  detector  noise  measured  as  a  function  (^^  back¬ 
ground,  with  a  duration  of  seconds.  Except  for  the  noise  measu  remcTit  s,  the 
source  functions  for  these  measurements  arc-  unknown  and  oiiK  a  ri dative  i  alibra- 
tion  could  be  done.  However,  the  relative  agt-c-ement  using  four  different  st)urces 
imply  that  no  large  variations  exist  due-  to  background  or  dielectrii  ic-laxaiion  in 
the  data. 

In  part,  this  agreemc-nt  may  bc'  due-  to  Ihc-  fac-t  that  for  a  given  background,  file¬ 
systems  identification  will  explicitly  take-  into  accouni  ihe  hue  fre-(|ui -icy  response- 
characteristics  of  tile  detectors.  Finally,  it  is  notewortiiy  that  no  .svsle  -natie-  dif¬ 
ferences  were  found  in  tlie  re-stored  scans  take-n  uitli  diffe-rent  se-nsor  systems 
under  widely  different  background  c<)n<liti<>iis  and  i'requenc.i-  conte-nt  of  tlie  measure¬ 
ment  for  overlapping  experiments.  The  observations  obtaine-d  on  tlie  overlapping 
sections  of  the  galaetie  plane  agree  with  each  other  to  within  the  calibration  uncer¬ 
tainties  and  the  signal-to-noise  of  the  restored  signal.  Also,  as  will  be  shown, 
the  4-tjn.  observations  are  entirely  in  ace-ord  w  ith  inde-pe-ndent  e\|M'riments  at 
2.  4  pm. 

A  conservative  estimate  is  that  the  absolute  intensities,  inc  luding  noise,  are 
accurate  to  within  a  factor  eif  2.  The  relative  unee-rtainty,  ihai  is  color  to  color, 
should  be  somewhat  better,  about  30  percent  in  the  4-  to  11 -pm  ratios  and  about 
50  percent  for  ratios  involving  20  and  27  pni  values. 

Significant  scan  to  scan  to  scan  correlation  should  exist  sinc  e  the  emission 
from  the  galactic  plane  extends  over  a  large  angle.  Acc-ounling  for  this  correlation 
with  some  form  of  two-dimensional  smoothing  should  reduce  the  relative  calibra¬ 
tion  errors  in  addition  to  the  errors  in  baseline  oorreetions  and  low  frequeru  v 
noise.  All  these  effects  should  appear  with  relatively  high  frequency  in  the  cross 
scan  directions. 

After  low  frequency  restoration,  baseline  correction  and  calibration,  the  data 

1  ft 

was  filtered  by  the  nonlinear  smoothing  technique  described  by  Hempel.  This 
method  calculates  a  smoothed  output  by  means  of  an  iterated  weighted  least-squares 
parabolic  fit  over  the  n  data  points  on  either  side  of  the  value  being  filtered.  The 
fit  is  iterated  by  adjusting  the  weights  of  each  of  the  2n  +  1  data  values  according  to 
their  deviations  from  the  previous  Solution. 


18.  Rempel,  G.G.  (1074)  Non-linear  (Parabolic)  .Sfiioothing  of  Experimental  Data, 
Translation  from  Izv,  Earth  Sciences,  No.  3,  101. 
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An  initial  fit  is  dotorminod  fi>i-  the  Jn  *  1  data  pnints  witli  a  least-squares 

parabola,  P  ,  which  equally  weights  the  values.  The  square  deviations  from  this 

t  h 

fit  are  calculated  over  the  fitting  interval,  that  is,  for  the  k  point  in  the  interval 
d|^  -  I  ,v(i  +  k)  -  P(i  +  k)  I  ^  :  -n  «  k  «  n 

These  values  are  used  to  generate  a  set  of  weights  by 


w 


k 


max(d|_)  -  d|^ 

+n 

(2n  +  1)  max  (dj.)  "  ^ 

k  -n 


These  weights  are  use<l  to  determine  a  second  least-squares  parabola,  Pj.  This 
curve  fit  leads  to,  in  turn,  a  new  set  of  deviations,  then  weights  which  arc  used  to 
calc'ulate  a  third  least-squares  parabola,  P.,.  The  v'alue  of  this  third  parabola  at 
the  midpoint  is  adopted  as  the  smoothed  i**'  output  value.  The  smoothing  interval 
is  advanced  one  data  point  and  the  iterated  curve  fitting  proi  edure  generates  tlu' 

(i  -■  11  smootlied  \  alue.  This  process  cc«ntinu(>s  until  the  emtire  segment  has  been 
smoothed. 

As  may  be  seen  from  th<‘  calculation  of  the  weights,  small  deviations  produce 
large  w  eights  and  \'icc  versa.  Indecwl,  zero  weight  is  assigned  to  the  value  w  ith 
largest  deviation.  Therefore,  the  points  which  best  fit  the  parabolic  curve  will 
dominate  the  least  squares  solution  after-  a  few  iterations  even  with  sev(‘ral  dis- 
I'ordant  values  in  the  interval.  The  algorithm  very  strongly  attenuates  rapid 
variations  in  the  data,  virtually  elin-iinating  changes  of  one  fifth,  or  less,  the 
length  of  th('  smoothing  intm-val  upon  two  sut'cessive  applications  of  the  nonlinear 
filter  (Pempel^^). 

The  iti-rated,  luuiHnear,  regressive  filter  was  used  initially  to  smooth  the  re¬ 
stored  output  of  each  channel  independently  of  the  others.  The  basic  coordinate  for 
this  operation  was  rocket  asrimuth  at  constant  zenith  angle,  which  is  unique  for  each 
experiment.  This  smoothing  has  the  advantage  of  being  self-i'onsistent  in  that 
calibration  uncertainty  and  baseline  error  is  unimportant,  and  the  result  is  inde¬ 
pendent  from  that  obtained  c>n  other  channels.  A  50-sample  smoothing  interval, 
which  corresponds  to  a  scan  angle  of  0?7  in  azimuth,  was  selected  since  it  is  the 
minimum  length  required  essentially  to  eliminate  point  source  signatures  and 
impulse  responses  from  the  data.  The  output  of  the  first  smoothing  is  decimated 
by  about  a  factor  of  4  and  ordered  in  galactic  latitude  by  taking  results  in  incre¬ 
ments  of  ol’o.T  (5  arc  min)  in  galactic  latitude  between  +5'’  and  -s”. 
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Best  results  wore  obtained  for  the  diffuse  emission  associated  with  the 
galactic  plane  by  combining  data  From  overlapping  experiments  at  this  stage  and 
S!TU)othing  in  longitude  at  constant  latitude  rather  than  smoothing  individual  exper¬ 
iments  in  terms  of  their  respective  zenith  angles  before  combining  the  data.  Com¬ 
bining  data  fi'om  overlapping  experiments  before  cross  scan  smoothing  tended  to 
average  systematic  trends  due  to  relative  calibration  errors  and  to  fill  in  the  blank 
covci  age  left  when  scans  were  eliminated  due  to  nonlinear  effects.  A  1*.’3  interval 
was  needed  for  cross  scan  smoothing  in  ordei-  to  incorporate  all  of  the  eight  outputs 
in  the  cross  scan  direction  of  the  focal  plane  array.  There  is  a  significant  change 
in  the  diffuse  emission  from  the  galactic  plane  over  an  interval  this  size  in  rocket 
zenith  for  those  experiments  with  pole  star  far  from  the  plane.  In  this  case,  the 
smoothing  would  attenuate  the  signal  of  intei'est. 

riius,  after  the  initial  channc-1  by  channel  filtei  ing,  all  the  values  at  a  specific 
latitude  weri'  order-ed  by  Urngitud*'  and  double  smootl)ed  by  the  nonlinear  pai'abolic 
weighted  r<‘gion  ovei'  a  longitude  interval  of  I?.'!.  The  filtered  out()ut  is  taken  at 
stiecil'ic  longitudes  s()ac«'d  o'.’o.i  (3  arc  min)  apart,  'i'he  end  oroduct  is  a  smoothed 
grid  of  mtensitii's  S|iaced  every  O'.'Oa  in  galactic  latitude  and  longitude  limited  to  the 
region  Ir  f 

I'hese  intensit\  grids  hav»'  the  highest  resolution  consistimt  with  the  obiective 
to  eliminate  point  soun  es  ;ui(l  to  ;H'eount  for  systematic  trend  in  the  cross  scan 
diri'clioii.  file  resolution  is  about  two  thirds  the  length  of  ;i  smoothing  interval  or 
ahovit  0.  .1  latitude  ttiid  Ol'd  in  longitudt'.  rite  lest  eases  (u  t'Sf'nt eil  for  oni'  dimen¬ 
sional  arrtiNS  b\  llem|K'l''  show  iluil  otie-sided  sigtuiis,  a  fifth  the  smoothing 
inierval,  are  vir(uall\  eliiii  mtiied  uiioti  I w  o  sueeessi ve  aftpl i eal  Ions  i>l  the  nonlinear 
filtei  .  SigiKils  a  third  the  \>.  idlh  i>i  the  iiiU'rval  are  ptissed  al  alioul  ;U)  pereent  tile 
'i  igiiial  am|iliiude  and  .\iih  4i  pereeni  iiii-rease  m  ihe  width  al  halt  inletisiic'.  ,.\n 
e\a  I ! .  mat  loM  oi  itic  grids  oi  mi'iisilies  and  exieildeil  souret-  lisi  eoi  robural  !■  this 
'■■.ICaaO'  flile  'e.-olUllon.  I  I  .e  S  I  n  a  I  n  t  -o  U  I’e  <  ■<  [  ( 1  t  f|<  ■  J  1 S I  S  ,  a  11 1  i  1 1  111  1 1!  Ill  ■ : 

■  c, ,  ,  r  i  OI  ;  '1  I  ,•  I  -1  a  -ii  lU  !  c  e.-. .  ,  i  •  i.  -  ta  ii  i  : . .  !  "  ■  o.  .  ;  il  iai  1  Hulo  al  o  d.  o  1 1 1  I  olig  1 1  iii  ii  . 

\  1 1 1  a  ;’i  '  I'e  '  I :  ■  1 1 1  -  .  .  ■!  -  i  1  -  a !  'I  ■ .  ,  oi, .  aa  lai  i : '  iiiaiie  a-.  •  ■ ,  idi  i  a  :  roe  i !  a  ■ 

a  ■  :  ■  I  ,e  :  .  a.- 1  i .-a  o  i  a  re  •  ■  eii.  1 1"  | .  it:!  i  e ;  'hi  ■  iH  •  u ;  : :  .  o  'a  . 


5.  RESULTS 


Three-quarters  of  the  galactic  plane  were  covered  at  11  and  20  pm  and  lesser 
areas  were  surveyed  at  4  and  27  pm.  Most  of  these  regions  were  scanned  on  at 
least  two  different  experiments.  The  following  discussion  of  the  general  character 
of  the  observed  emission  is  sectioned  into  four  latitude  regions  which  correspond 
to  groups  of  overlapping  experiments. 

All  the  contour  maps  presented  in  this  section,  and  in  the  Appendices,  have 
the  same  intensity  scale  for  a  given  color.  The  lowest  level  in  each  color  was 
selected  to  show  some  effects  of  the  noise. 

The  brighter  contour  levels  were  chosen  empirically  to  emphasize  the  general 
emission  from  the  galactic  plane  without  swamping  the  plots  with  detail.  In  units 
of  10  ^  W  cm  pm  ^  sr  \  the  4-pm  lowest  contour  is  at  3,  and  each  succeeding 
level  is  an  increase  of  5  (5,  10,  15  .  .  . ):  at  11  pm,  1  is  the  lowest  value,  and  each 
brighter  level  is  an  increase  of  2  beginning  at  2  (1,  2,  4  the  20-pm  scale 

is  half  that  at  11  pm  (0.5,  1,  2,  3  .  .  . )  and,  finally,  the  27-pm  lowest,  and  tmter- 
most,  contour  is  set  at  2.5  with  successive  levels  being  an  increase  of  5  beginning 
at  5  (2.  5.  5.  10,  15  .  .  .  1. 

5.1  Ixingiludes  0"  to  3.5*’ 

The  two  flights  covering  this  region  produced  measurements  in  the  4,  11,  and 
20-pm  s()ectral  b;mds  from  the  gtilactic  center  ti>  the  area  around  All  Aql  at 
t  ^  30^*.  The  data  from  the  first  experiment  were  of  lower  quality  than  the  sec¬ 
ond,  as  the  nole  star  was  at  a  much  higher  galactic  latitude,  ,>  (  rll  at  b  ~  53i’7.a 
as  compared  to  b  ~  ltt'.’25  for  o  I.vr.  This  may  bt'  qual  it  at  i  vel  v  seen  bv  compar¬ 
ing  the  ll-«m  scan.s  across  Alt  Aql  for  the  <>  C'rB  experiment  (Figures  9  and  10) 
to  those  from  the  o  (,vr  flight  for  the  same  area  in  I'igure  8  for  the  raw  data  and 
Figure  12  for  the  ri'stored  oliservat  ions. 

rhe  sensitivity  at  4  um  was  about  a  factim  of  4  less  than  that  at  the  longer 
wavelengths.  Consequently,  the  e  I  .yr  flight  pi-oduced  the  only  usable  4-um 
measurements  tlirough  a  tortunale  combination  of  crossing  the  galactic  plani'  in 
the  region  of  liighest  emission  almost  perpendicularly,  resulting  in  the  minimum 
of  electronic  attenuation.  Three  quarters  of  th«’  20-pm  array  malfunctioned  on 
the  second  flight  .so  most  of  the  observ.ations  at  this  wavelength  in  this  longitude 
region  arc  from  the  tow  quality  e  C'rli  experiment. 

The  contour  maps  for  this  region  are  shown  in  Figure  13  and  expanded  versions 
are  given  for  better  detail  in  Figures  14,  15  and  l(i  for  the  4,  11  and  20-pm  S(iec- 
tral  bands,  respect ivelv.  Td'fects  of  baseline  errors  show  up  as  wings  m  the  4-pm 
map.  I  igiiri'  14,  at  f  ^  21  ’  and  2.)",  and  as  satellite  sources  at  I  -  Fi”  and  Ir'  . 
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Figure  13.  C’entciur  Maps  at  11,  20  and  4  uin  for  tho  l{(>gi<in  0''_<  t  <  35”.  C'nntour 
levels  at  1,  2,  4,  (i  .  .  .  X  10"^  ‘  W  cni"“  pni'^  sr'^  at  11  jum,  0Tr>  1,  2,  3  ... 

X  10'^^  IV  em'-uni"^  sr'^  at  20  and  3,  10,  13,  20  .  .  .  lO'^l  W 

sj-'l  at  4  ,uni.  The  resolution  on  these  maps  is  o'.’t  in  latitude  by  1?0  in  longitude. 

Features  are  extended  sources  as  point  sources  have  betm  eliminated  in  the  data 

processing 


The  minirnum  contour  level  of  the  11  and  20-/am  maps.  Figures  15  and  16,  respec¬ 
tively,  were  I'aised  for  longitudes  less  than  3”  as  the  signal -to-noise  (tf  the  meas¬ 
urements  were  d('graded  in  this  region,  due  to  the  increased  noise  frc'm  the  earth- 
shine  detected  in  the  side  lobe  response  of  the  optical  system.  The  lower  quality 
of  the  20-(jm  data,  evidenced  by  the  striping  along  constant  tm-ket  renith  angle, 
shows  the  dominance  of  the  ,>  (,'rB  flight.  \<>t  only  is  the  signal-to-noise  lower, 
but  the  baseline  correction  is  more  error  prone  as  it  must  be  fit  over  a  larger 
time  interval. 


3  6 


?  10  :s  rs  30  35 

Gf^i^cuc  LONoirua? 


Figure  14.  4-/jni  (.'ontour  Map  for  the  Region  0^’^  !  <  30".  The  latitude  scale  is 
expanded  o%’er  that  given  in  Figure  13.  The  contour  levels  and  resolution  are  the 
same  ns  in  Figure  13 
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Figure  I  1.  11-ani  Contour  Map  for  the  Region  o"  ^  t  <  3.")".  The  latitude  Scale  has 
hcen  expanded  over  that  in  Ficure  13.  The  resolution  and  intensity  levels  are  the 
same  as  in  Figure  13,^  The  eontout  levels  are  labeled  on  the  figure  and  are  in 
amts  of  in'^*  \V  cm"“  sr'l.  The  numbers  refer  to  the  AFGI.  number  of  the 

soufi  e(.s)  associated  with  intensity  peaks  in  the  figure.  Data  for  longitudes  less 
than  are  noisier  than  for  lh<-  rest  of  the  map  and  the  minimum  contour  of  this 
region  is  set  at  fi  X  10"  ^  ^  \V  cm  '  *  um  "  *  Sr '  ^ 
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r'WHI\l  at  3.4  lunt  over  these  longitudes  which  they  atti  ibutc  to  the  lower  interstel¬ 
lar  extinction  at  this  wavelength.  The  present  results  show  an  almost  constant 
4.  2'ptn  surface  brightness  of  2  X  10  **  \V  cm  ^  (jin  ^  sr  at  b  ~  0®  between  5*’  and 
30^'  longitude  and  a  3‘'  FWllM.  The  2.4-pm  "fine  structure"  noted  by  Oda  et  al^^ 
and  Hayakawa  et  al“^  at  t  14*’,  lH*’,  19*’,  21*’  and  27*’  also  appears  in  Figures  13 
and  ’4  at  4.2  pm.  The  14**  and  1(!*'  features  are  blended  into  a  single  extended 
plateau  at  4.  2  pm.  The  remaining  features  closely  correspond  at  the  two  wave¬ 
lengths.  The  peak  at  (  19*’  is  the  only  one  which  appears  to  be  cori-elatcd  with 

a  source  at  longer  wavelengths  where  it  is  associated  with  AFGI.  2153  +  2I(>2 
(UY  Set). 

Discrepancies  between  the  2.4  and  4.2  pm  measurements  do  exist.  The  trend 

9-j 

at  2.4  pm  noted  by  Hayakawa  et 'al  that  the  peak  emission  in  tliis  region  occui’S 
at  b  ~  -o'.’a  is  not  evident  at  4.2  pm.  Further,  the  details  of  the  complexity  of  the 
galactic  center  observed  by  Oda  et  al““  are  not  the  same  at  4.  2  pm.  The  4.  2-pm 
grids  clearly  show  emission  peaks  at  f  ~  0*’,  b  rl*’  and  -l"  as  found  at  2.4  pm 
but  those  intensities  are  much  smaller  than  that  observed  for  the  center  itself. 
This  is  contrary  to  what  is  seen  at  2.4  pm. 

Discrete,  well-defined  extended  sources  are  prominent  features  of  the  11  and 

20-pm  maps.  Figures  15  and  Hi,  respectively.  A  list  of  the  extended  sources 

discernible  in  the  intensity  grids  in  Aftpendix  A  has  been  compiled  in  Table  2  foi- 

this  longitude  region.  The  galactic  coordinates  of  intensity  |)eaks  of  the  sources 

are  listed  in  columns  1  and  2  to  the  near-'St  0?1.  The  peak  intensities,  in  units  of 
-11  -I  -i 

10  W  cm  “  pm  sr  .  in  4,  11  and  20-um  spectral  bands  are  given  in  columns 
3,  4  and  5,  respect ivelv.  The  estimated  angular  extent  of  the'  source  in  longitude 
is  given  in  column  ti.  and  for  latitude  in  column  7.  The  latitude  estimates  are 
more  uiuwT'tain  due  to  the  more  rapid  variation  in  the  diffuse  bac  kground  in  this 
coordinate.  I'he  rt'solution  of  the  grids  is  of  the  oiaicr  of  0.8  m  longitude  and  0*.  ,5 
in  laiitude.  The  true  ext('nt  of  sources  roughlv  the  size,  or  smtiller  ih.an  the 
il.it  l)v  0.  5  (fxb)  resolution  of  the  intensitv  grids  is  lost,  but  thi'v  must  be  greater 
tiian  0,  3  bv  0.2  as  the  nonlinear  filtering  would  have  eliminated  smaller  signals. 

I  tie  .Alt'll.  Sources  identifii'd  with  i  he  oluei-t  is  given  in  column  8  while  other 
I  ss,  .11 -a  I.  .ns  a'o  tisteO  ni  eolnnin  (  ..luein  10  contains  oerlinent  comments 

:  .  r-  •(  o  o!.;..,.., 

\l  oi'Hio  oxicnilod  -ources  m  lable  2  an-  ■dentifie.l  ■.■.  itli  , A  I  ( 1 1  obiecis  and 
■  !'  ■  -1  ,  i  .ii'c  issociatcd  willi  [III  regions.  I'he  most  n.  lat'lc  ox<  oomoiis  arc  tlie 

t  -.1  ■  a.  .  k.a  near  the  .M  I  ai  ■!  ii  ■  Cl  -nl  1-  n  ai  0  ^  ‘  1 .  ti  '.1  '  i  h  i  a.rrcs  noinl  1  o  the  2  .  ■!  -u  m 
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object  is  near  source  16  in  the  far  infrared  list  of  Nishimura,  Low  and  Kurtz 
which  they  associate  with  a  strong  CO  peak  but  without  bright  HII  emission. 

The  diffuse  emission  component  at  11  and  20  pm  is  qualitatively  similar  to  that 
observed  at  shorter  wavelengths.  A  roughly  constant  emission  centered  on  the 
galactic  equator  between  5*^  <  f  <  30°  is  observed  to  have  a  v'alue  of  ~  1.  2  X  10 
W  cm  ^  pm  ^  sr  ^  for  the  11  pm  band  and  X  10  W  cm  ^  pm  ^  sr  ^  at 
20  pm.  The  FWUM  is  measured  to  be  between  1.  5  and  2.  0  at  11  pm  and  1.  0  to  1.  5 
at  20pm.  Thus,  the  4;ll-pm  and  ll:20-pm  intensity  ratios  along  the  galactic 
equator  are  roughly  constant  at  about  1.  6  and  4,  respectively. 

5.2  l.onptudrs  35“  to  95“ 

This  region  was  surveyed  at  11  and  20  pm  on  four  experiments.  The  pole 
stars  and  their  galactic  latitudes  are,  in  sequence:  o  CrB  b  53?75;  a  And, 
b  ~  32?85:  e  Sgr,  b  ~  -9?6;  -y  Gru,  b  ~  -51?5.  The  two  southern  hemisphere 
flights  (e  Sgr,  -y  Gru)  obtained  27.4-pm  measurements  between  40°  <  f  <  85°.  At 
longitudes  greater  than  about  80°,  the  observations  are  from  a  single  experiment, 
the  a  And  flight,  whereas  the  e  Sgr  dominate  the  data  for  longitudes  less  than  4.5° 
to  ,50°. 

The  11,  20  and  27-pm  equal  intensity  contour  maps  are  shown  in  Figure  17 

while  expanded  versions  of  these  measurements  are  given  in  Figures  18,  19,  and 

20,  respectively.  The  sensitivities  of  the  27-pm  detectors  were  not  high  enough  to 

measure  the  diffuse  emission  from  the  galactic  plane  and  observations  in  this  color 

are  limited  to  the  brightest  discrete  sources.  Two  general  ai’eas  of  11  and  20-pm 

emission  are  apparent  in  this  region;  One  extends  from  about  35°  to  65°  longitude, 

and  associated  with  the  diffuse  emission  from  the  galactic  plane;  the  other  is  a 

complex  of  diffuse  and  discrete  infi'ared  emission  from  the  Cygnus  X  region. 

The  background  associated  with  the  galactic  plane  deereases  both  in  brightness 

and  FWHM  at  11  and  20  pm,  with  increasing  longitude  from  f  ~  38°  to  f  ~  65° 

whei'C  the  brightness  drops  below  tlu'  detection  threshold  in  both  colors.  The 

mea.surements  are  qualitativelv  similar  to  those  observed  at  2.4  pm  bv  Ito, 

19  24 

Maisuniotn  and  t  y.-mia  and  Hoffmann,  I.emke  and  Frey.  The  observed 

ll:20-pm  ratio  of  surface  brightness  .along  the  galactic  equator  is  almost  constant 

.somewhere  betwt'en  .3  and  4  out  to  a  longitude  of  65°. 

rhe  exif-ndcfi  sources  olttained  from  the  intensity  grids  in  Appendix  B  are 

listed  in  l  aiile  .3.  The  mi>re  prominent  objects  ari'  labeled  with  the  Al-'GI.  source 

23.  N'lshimura,  T.  ,  Low,  F.J.,  and  Kurtz,  ILF.  (1980)  I’ar  Infrared  Surve.y  of 

I  ho  Cialac  I  ic  Fl.ano,  Aslrophys.  J.  (I. otters)  23!t:L10L 

24.  Hoffman.  \\  .  ,  l.emki',  I).,  .and  Frov,  A.  (1978)  Mapping  of  the  Galactic 

(  enter  .and  the  Aquila  itegion  in  the  Xeai-  Infraia'd  from  Ball  'on  Altitudes, 
Astronomy  .and  Astrophysics  70:427. 
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Figure  19.  20-nm  Map  of  the  Galactic  Plane  from  35"  to  95"  Longitude.  Contour 

levels  are  in  units  of  lO-H  W  sr'^  Intensity  peaks  of  the  extended 

sources  in  this  region  are  labeled  with  the  AFGL  source  number  associated  with 
them 
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Figure  20.  The  27-ym  Map  of  the  Galactic  Plane  Between  40"  and  8.5"  I.ongitude 
Contour  levels  are  2.  5,  5,  10,  15  .  .  .  X  lO'H  W  cm"2  ym'l  sr*l 
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es  in  Association  Column  IRC  =  Neugebauer  and  Leighton  (1969) 

Nishimura,  Low  and  Kurtz  (1980)  Sh  =  Sharpless  (1959) 

Westerhout  (1958)  G  =  Wendker  (1970) 

Hoffmann,  Frederick  and  Emery  (1971)  CIR  =  Campbell,  Hoffmann,  Thronson  and  Harvey  (1980) 


numbers  associated  with  them  in  Figures  18  and  19  for  the  11  and  20-^m  spectral 
bands,  respectively.  The  format  of  Table  3  is  the  same  as  Table  2  with  the  excep¬ 
tion  that  columns  3,  4,  and  5  list  the  observed  11,  20,  and  27-^m  peak  intensity, 
respectively,  in  units  of  10  W  cm  ^  pm  ^  sr 

The  source  at  t  ~  47?0,  b  ~  -2?6  (AFGL  2390)  associated  with  object 

25 

+  10°420  in  the  catalog  of  Neugebauer  and  Leighton;  it  is  most  likely  the  "unknown" 
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source  reported  by  Hoffmann  et  al.  The  2,4-jum  position  of  Hoffman  et  al  is  1.4 

from  that  of +10°420  =  AFGL  2390  and  within  the  position  accuracy  of  the  2.4-pm 

observations.  Of  interest  is  the  fact  that  AFGL  2390  appears  both  in  the  maps  of 

Figures  18  and  19  and  in  Table  3  with  a  measured  extent  equal  to  the  resolution  of 

the  intensity  grid.  A  source  must  be  greater  than  0?2  to  appear  in  the  grids,  as 

objects  smaller  than  this  are  eliminated  by  the  nonlinear  smoothing.  Note  that 

AFGL  2650  =  +40^448  -  NML  Cyg  also  shows  up  at  all  three  colors  at  the  resolution 

limit  of  the  data. 

A  number  of  extended  sources  are  listed  in  Table  3  in  the  Cygnus  X  region; 
not  all  of  these  are  identified  with  AFGL  cataloged  objects.  Campbell,  Hoffmann, 

9(i 

Thronson,  and  Harvey”  conducted  an  overlapping  survey  in  broad  spectral  bands 
centered  at  82  and  92  pm  with  0?2  resolution.  Their  experiment  covered  a  5  degree 
latitude  strip  from  I  =  76°  to  90°.  Forty-nine  discrete  sources  were  detected  at 
the  far  infrared  wavelengths,  seventeen  of  which  wore  associated  with  AFGI.  ob¬ 
jects.  Of  these,  thirteen  also  correspond  to  peaks  in  the  11  cm  radio  emission  in 

27 

VVendker's  survey.  Kleinmann,  Joyce,  Sargent,  Gillett  and  Tclesco  have  pre¬ 
viously  noted  the  coincidence  between  peaks  in  the  Wendker  survey  and  the  positions 

of  AFGI-,  sources.  About  half  of  the  AFGI.  objects  associated  with  the  ll-cm  peaks 

27  '  26 

by  Kleinmann  et  al  or  with  far  infrared  emission  by  Campbell  et  al  are  extended 

enough  to  appear  in  Table  3.  The  remainder  were  either  too  small  and,  in  conse¬ 
quence,  eliminated  by  the  smoothing,  or  blended  into  an  extended  emission  ridge  or 
combined  with  other  sources.  Indeed,  several  of  the  prominent  ridges  of  far  infi'a- 
red  emission  are  also  seen  at  11,  20  and  27  pm.  The  y  Cygnus  ridge 

(77?5  «•,  f  <  79°,  2.  1  <  b  <  0?5)  is  nicely  traced  out  bv  S(iiir<'es  I,  6,  and  10  of 
~  ^  26  ^ 

Campbell  et  al  with  H-pm  peaks  near  fh"  far  infrared  sources  1  and  i>.  Another 
ridge  in  the  area  78°  <  f  <  79?.'),  -1?.')  <  b  <  0°  is  outlined  by  the  ll-cm  sources 

28  -V. 

which  Wendker  found  m  the  Gieat  Cygnus  Kift  of  heavy  obscuration.  This  region 

2).  Neugebauer,  G.  ,  and  I.eighton.  H.B.  (1969)  Two  Micron  Sky  Survey— A 
Preliminary  Catalog,  .NASA  SP-3047. 

26.  Campbell,  M.l'.,  Ilt)ffmann,  V\’.  P.  ,  Thronson,  Jr.,  H.H.,  andHarvev,  P.  M. 

(1980)  I'ar-Infi  arcd  Survey  of  Cygnus  X,  Astrophys.  J.  23  8:122. 

27.  Kleinmann,  S.G.,  Joyce,  U.l?.,  Sargent,  D.G.,  Gillett,  F.  C.  ,  and  Tclesco, 

C.  M.  (1079)  An  Observational  Study  of  tlie  AFGI.  Infrared  Sky  Survey.  IV. 
further  Kesults  from  the  Itevised  Catalog.  Astrophvs.  J.  227:12li. 

28.  Wendker,  H.J.  (1970)  The  Cygnus  X'  Region  VI.  A  X’cw  269.')  MH/  Continuum 

Survev,  A.^lron.  Astropliys.  4:378. 
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also  contains  sources  12,  18,  19  and  26  of  Campbell  et  al;  the  20-fjm  emission 
peak  is  near  the  positions  of  far  infrared  sources  18  and  29. 

The  Cygnus  X  region  is  complex  and  separating  the  diffuse  emission  from 
discrete  extended  sources  and  from  ridges  of  emission  is  not  straightforward. 

More  than  half  of  the  extended  objects  listed  in  Table  3  for  this  region  are  associ¬ 
ated  with  sources,  or  groups  of  sources,  in  the  AFGL  catalog.  The  objects  in 

Table  3  without  AFGL  associates  for  this  region  have  associations  in  other  catalogs, 

28 

most  notably  that  of  Wendker.  The  most  prominent  of  these  is  the  extended 

source  at  i  =  79?4  and  b  -  3?5  (11-pm  position)  and  S  =  79?0,  b  =  3?5  (20-^m 

position).  This  is  associated  with  G79.  0  +  3.5,  G79.  4  +  3.2  and  possibly 

28 

G79.  3  +  3.3  in  the  list  of  Wendker.  The  gradients  across  this  source  were 
apparently  too  shallow  to  produce  a  discernible  signal  after  the  low  frequency 
attenuation  in  the  electronics.  Indeed,  all  the  extended  sources  in  Table  3  corre¬ 
sponding  to  objects  in  Wendker's  list  but  not  in  the  AFGL  catalog  have  shallow 

gradients  at  11  cm.  On  the  other  hand,  of  the  15  objects  in  the  list  of  AFGL 

27 

sources  which  Kleinmann  et  al  associate  with  the  ll-|um  emission,  only  two 

were  not  at  locations  of  reasonably  steep  11-^m  gradients. 

That  the  AFGL  catalog  preferentially  includes  sources  with  reasonably  steep 

intensity  gradients  coupled  with  the  fact  that  the  positions  of  the  peak  intensity  of 

the  sources  in  Table  3  are,  in  general,  within  0.  1  of  the  AF'GL  catalog  position 

27 

contradicts  the  surmise  of  Kleinmann  et  al  "...  that  the  positions  and  extent  of 
sources  in  at  least  one  complex  area  (Cyg  X)  were  inadequately  determined  by  the 
AFGl.  survey  because  of  spatial  resolution  and  sensitivity.  "  The  positions  for  the 
peak  of  a  source  listed  in  the  AFGl,  catalog,  which  includes  the  effects  of  the  high 
pass  filter,  and  that  found  after  restoration  are  within  the  quoted  errors  of  the 
catalog  and  the  intensity  grids  in  Appendix  R.  The  position  of  the  intensity  peak, 
and  the  region  of  liighesl  spatial  frequencies,  are  quite  well-defined,  not  at  all 
"inadequately  determined."  The  detection  and  measured  angular  extent  of  the 
Source  is  a  function  of  the  intensity  gradient  in  this  region,  not  solely  sensitivity. 
Objects  with  toc'  shallow  a  gradient  were  not  detected  and  thus  excluded  from  the 
catalog. 

The  m id -infrared  color  of  the  diffuse  emission  in  this  region  is  redder  than 
that  d<'rived  for  the  galactic  plane,  with  a  11:20  /jm  ratio  of  2  to  2.  5.  There  is 
also  general  correlation  between  the  surface  brightness  of  the  11  and  20  pm  emis- 
sion  and  the  brightness  temperature  derived  by  Wendker."  Along  the  1.  5‘’k 
11-cm  contour  the  11  and  20  pm  emission  appear  to  be  related  to  the  ll-cm  bright¬ 
ness  temperature  by  1  <11  pm)  -  2.  5  I  (20  pm)  ~  2  V  T,  ('’k'^)  (  \V  cm'“  pm'^ 

- 1  t) 
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5.3  Lonptudes  100®  to  240® 

Three  flights  surveyed  this  longitude  region  in  two  major  segments.  Zeta  Tau 
(b  ~  -5?7),  ^  Per  (b  ~  -2()?())  and  o  And  (b  ~  -32?9)  cover  the  regions  between 
100°  and  170°.  The  ?  Tau  and  Per  experiments  also  surveyed  between  195°  and 
240°  longitude. 

Figure  21  shows  the  11-  and  20-^m  contour  maps  in  the  region  100°  <  i  <  170° 
with  expanded  maps  given  in  Figures -22  and  23,  respectively.  The  area  195°  to 
240°  longitude  is  mapped  in  Figure  24;  individual  contour  maps  are  presented  in 
Figure  25  for  the  11 -pm  measurements  and  Figure  26  for  the  20-pm  values. 

As  may  be  seen  from  these  figures,  only  discrete  sources  are  contained  in 
this  region.  There  is  no  diffuse  emission  centered  on  the  galactic  plane  above 
10  ^  \V  cm  pm  sr  ''in  either  color.  The  list  of  discrete  sources  found 

within  these  longitudes  is  given  in  Table  4.  The  galactic  coordinates  of  the  source 
are  given  in  the  first  two  columns  of  the  table,  longitude  in  column  1,  latitude  in 
column  2,  and  the  peak  intensities  at  11  and  20  pm  are  given  in  columns  3  and  4, 
respectively.  The  estimated  angular  extent  in  longitude  is  given  in  column  5  and 
the  latitude  value  in  column  G.  Associations  with  sources  in  the  AFGL  catalog 
are  made  in  column  7,  and  with  other  catalogs  in  column  8.  Finally,  column  9 
Contains  comments  about  the  source. 

Approximately  equal  numbers  of  HII  regions  in  Table  4  are  associated  with 
AFGI.  sources  as  those  which  arc  not.  The  AFGI.  catalog  undersamples  the  HII 
region  contribution  by  not  detecting  those  extended  sources  with  shallow  intensity 
gradients. 

Several  of  the  HII  complexes  are  quite  large  ,  NGG  896  (f  ~  134°,  b  ~  1°2) 
is  measured  to  have  a  diameter  of  about  1.  a  degrees  and  may  be  larger  if  the 
lowest  contour  level  is  valid  at  20  pm.  Similarly,  NGC'  7822  is  at  least  a  degree 
in  diameter.  This  source  extends  beyond  the  boundaries  of  the  plot  (f  ~  118°, 
b  ~  5°)  and  is  only  partially  seen  in  Figure  21.  Tlu'  region  containing  NGC  2244 
(f  ~  207°,  b  ~  1?7)  is  as  much  as  2.  .5  degrees  across.  The  entire  extent  of  this 
region  could  not  be  determined  as  the  measurements  across  the  edge  of  this  source 
weie  eliminated  because  of  telemetry  problems  on  the  flight  that  surveyed  this 
region.  Unfortunately,  this  scan  also  covered  NGC  22f)4  which  is  also  quite  bright 
in  the  mid-infrared. 

3. 1  280"  III  320® 

The  two  southern  hemisphere  flights  cf)vered  this  region,  producing  data  in  the 
11-.  20-  and  27-pm  spectral  bands.  The  instrument  flown  on  the  e  Sgr  (b  ~  -0?G) 
experiment  was  more  sensitive  than  that  used  on  the  -y  Gru  (b  ~  -51?5)  flight. 

Also,  four  of  the  11-pm  and  two  of  the  20-pm  detectors  were  inoperative  on  the 
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Figure  21.  The  11-  and  20-fjni  Map  of  the  Galactic  Plane  for  Longitude  Between 
100°  and  170°.  Contour  levels  are  1,  2,  4,  (i,  8  ...  V  lO'^^  W  cm~^  sr"^ 

for  the  ll-pm  plot  and  half  that  for  20  jjm.  The  blank  streaks  at  f  ~  120°  and 
153°  are  due  to  scans  which  were  eliminated  during  data  processing.  The  resolu¬ 
tion  is  approximately  0?7  in  latitude  and  1?0  in  longitude 


Figure  22.  An  Expanded  Version  of  the  ll-om  Map  in  Figure  82 
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Figure  24.  11- and  20-fim  Maps  of  the  Galactic  Plane  from  195"  to  240"  I.ongilude. 
Contour  levels  are^the  same  as  defined  in  Figure  21.  The  resolution  of  these  maps 
IS  approximately  0.  7  in  latitude  and  1.  0  in  longitude 


51 


I'iguff  ^i'l.  I'Apaiidcd  Vof.si<'ii  of  tho  Map  in  J-'igui't’  24 


Figure  2fi.  fixpanded  Version  of  the  20-nm  Map  in  Figure  24 


Table  4.  Kxtended  Sources  in  tfie  Hegion  lOO”  <  t  <  23  5 


y  Gru  flight.  Thus,  the  data  from  the  £  Sgr  experiment  is  dominant  in  this 
region. 

The  iso-intensity  maps  are  shown  for  the  three  colors  in  Figure  27.  Individual 
maps  are  presented  in  Figure  28  for  the  11-pm  spectral  band,  Figure  29  for 
-20  ij  and  Figure  30  for  27  pm.  Again,  the  sensitivity  at  27.  4  pm  was  not  high 
enough  to  detect  diffuse  emission  from  the  general  background  arising  from  the 
galactic  plane. 

Prominent  peaks  in  Figures  28  and  29  are  identified  with  the  AFGL  number  of 
the  sources  associated  with  them.  A  more  complete  list  of  extended  sources  in 
this  region  is  given  in  Table  5.  The  format  for  this  table  is  the  same  as  for 
Table  3.  The  genei'al  character  of  the  11  and  20-pm  emission  over  this  region  is 
similar  to  that  observed  for  the  complementary  area  40°  <  I  <  80°.  The  diffuse 
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Figure  27.  The  11-,  20-  and  27-pm  Fqual  intensity  Contour  Maps  of  the  Galactic 
Plane  from  280°  to  320°  Longitude.  Contour  levels  are  the  same  as  in  Figure  17; 
at  1 1 -pm  these  arc  1,  2,  4,  (i  . . .  10"^ ^  W  cm pm sr”^,  the  20  pm  levels 

are  half  those  at  11  pm  and  the  27  pm  value  2.  5  times  those  at  11  pm.  The  angular 
resolution  of  these  plots  are  about  0'.’7  in  latitude  and  1?0  in  longitude 
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Figure  28.  11 -(jm  Contour  Map  Along  the  Galactic  Plane  from  280*^  to  320'’  Long¬ 
itude.  This  is  an  expanded  version  of  the  11 -ym  map  in  Figure  27.  The  contour 
levels  are  in  units  of  10"^  1  W  <  ni'-#im"l  sr”l.  The  AFGI.  source  numbers  of 
those  sources  associated  with  prominent  extended  objects  in  the  map  are  also 
shown.  Inadequate  baseline  correction  produced  the  "pinching''  of  the  contour 
around  AI'GI.  ‘iltid,  f  ^  ioV 
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Figure  29.  The  20-*im  Map  of  the  Galactic  Equator  Region  Between  280”  and  320° 
Longitude.  The  units  for  the  contour  levels  are  10"*‘  W  cm"2  sr'^.  The 

numbers  refer  to  associations  with  AFGL  catalog  sources,  The  wings  at  positive 
latitudes  from  285‘’  to  290O  are  due  to  baseline  problems  in  the  measurements. 
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Figure  liO.  An  ICxpandod  Version  of  the  27-jjm  Map  iri  E'igure  27 


emission  from  the  galactie  (>lane  extends  down  to  about  298^'  longitude  where  it  be¬ 
comes  merged  witli  a  general  background  which  appears  to  surround  the  large  Hll 
regions  in  tlte  area  between  280*^*  and  295'*  longitude.  Possibly  this  background  is 
frouL  the  nLaterial  in  the  Sagittarius-Carina  arm  which  lies  in  this  direction. 

The  ratio  of  the  ll:20-pm  emission  is  similar  to  that  found  for  the  complemen¬ 
tary  latitudes  on  the  other  side  of  the  galactic  center.  A  constant  ratio  of  about 
4  is  found  bi-tween  298"  and  :120"  longitude  along  the  galactic  equator.  This  ratio 
is  of  the  order  of  2  for  longitudes  less  than  295^^. 


6.  lItJiCtl.A.'tlON 


The  mid-infrared  diffuse  emission  within  a"  of  the  galactic  plane  is  divided  in¬ 
to  three  distinct  components.  A  number  of  discrete  extended  sources  were  observed 
at  11,  20,  and  in  tlie  limited  regions  surveyed,  27pni.  Almost  all  these  discrete 
sources  can  h  '  associated  with  either-  UlI  regions  or  dust  clouds.  A  significant 
fr  action  of  these  oVijects  (8:T  percent)  ar  e  not  c<irrelated  with  entries  in  the  AFGl. 
I'atalog,  particularly  in  the  region  lOo"  <  t  <  240*’.  These  sources  have  low  sur¬ 
face  br  ightnesses,  relatively  shallow  intensity  gradients  and,  consequently,  were 
filtered  out  hy  the  AC  coupling  of  the  electronic  bandpass  of  the  system.  These 
r  r-sults  imply  that  the  proportion  of  IIII  regions  which  contributes  to  the  mid- 
infrar-ed  background  need.s  to  hi-  increased  2a  to  25  percent  over  what  is  derived 
from  the  contents  of  the  AI-'Cil,  catalog. 
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The  discrete  sources  are  observed  against  a  large  scale  diffuse  mid-infrared 
emission  for  longitudes  less  than  90®  from  the  galactic  center.  This  diffuse  emis¬ 
sion  appears  to  be  composed  of  two  distinct  backgrounds.  The  first,  exhibits 
approximately  constant  surface  brightness  at  11  and  20  pm  along  the  galactic 
equator  from  10®  to  30®  longitude,  then  falls  with  increasing  longitude  reaching 
the  limits  of  detection  in  either  color  at  GO®  to  G8®  longitude.  A  similar  decline  in 
surface  brightness  is  also  found  at  the  equivalent  negative  longitudes.  This  emis¬ 
sion  is  characterized  by  an  almost  constant  intensity  ratio  ^  which  is 

equivalent  to  a  magnitude  coloi'  difference,  -  ni2Q  ~  1.0  magnitudes  or  an 

integrated  in-band  color  temperature  of  4r)0  to  500®K, 

A  different  diffuse  component  of  emission  is  evident  in  the  regions, 

70°  <  f  <  85®  and  280®  <  t  <  295®.  These  longitudes  are  in  the  general  directions 
of  the  Perseus  external  spiral  arm  and  the  Sagittarius -Carina  spiral  arm,  respec¬ 
tively.  The  intensitj'  ratio  in  both  these  areas  is  about  2  to  2.  5.  The  magnitude 
color  difference  is  about  1.  8  magnitude  which  is  equivalent  to  an  integrated  in-band 
color  temperature  of  250®K,  Thus  these  regions  are  notably  redder  than  those 
closer  to  the  galactic  center. 

The  measured  surface  brightness  along  the  galactic  is  shown  in  Figures  31, 

32  and  33  for  the  4,  11  and  20-pm  spectral  bands,  respectively,  for  an  in-plane 
resolution  of  about  0?7.  An  almost  constant  surface  brightness  is  measured  be¬ 
tween  10  and  30®  in  longitude,  with  values  of  20  ±  5,  12  ±  2,  and  3  ±  1  X  lO"^'  U 
-2  - 1  - 1 

cm  pm  sr  at  4,  11  and  20pm,  where  the  error  is  the  uncertainty  of  the 
average.  These  values  are  systematically  too  low  by  an  amount  equal  to  the  back¬ 
ground  level  at  the  limits  adopted  for  the  extent  of  the  mid-infrared  ('mission.  A 
zero  background  level  was  assumed  external  to  these  limits. 

The  11  to  20  pm  color  intensity  of  4  was  found  to  extend  out  to  f  ~  ±60®.  C)ver 
the  region  of  10®  to  30®  longitude  along  the  galactic  ('quator,  this  emission  can  be 
fit  by  500®K  black-body  emissi(>n  with  a  dilution  factor  of  2.3  X  10  .  This  agree¬ 

ment  is  fortuitous  for,  as  we  shall  See,  the  majority  of  the  4-pm  background  is 
due  to  late  type  giant  stars,  white  other  sou:  t  es  of  mid-infrared  emission  are 
required  to  explain  the  11-  and  20-pm  observations. 

A  St  might  foi'ward,  albeit  naive,  accounting  of  the  mid-infrared  may  be  ob¬ 
tained  by  extrapolating  the  2.  4-pm  balloon-borne  diffuse  measurements.  The 
diffuse  galactic  background  at  2.4  ptn  is  assumed  to  be  due  to  the  integrated 
intensity  of  all  the  many  stars  in  the  large  field  of  view  used  on  these  experiments. 
Further,  the  composition  of  thes('  stars  is  assumed  to  be  the  same  mix  of  spectral 
types  as  in  the  solar  neighborhood.  The  spectroscopic  studies  of  the  Two  Micron 
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Figure  31.  The  4-/jm  Surface  Brightness  Along  the  Galactic  Equator. 

Values  are  taken  from  the  data  in  Appendix  A  and,  consequently,  have 
a  resolution  of  about  0?8  in  longitude.  The  noise  level  is  about  10*^®  VV 
cm  y  m  ■  ^  s  r  ■  1 

Sky  Sur'V'  V'(\.  ug<'bauer  and  Leighton)^'’  performed  by  Grasdalen  and  Gausted, 

Vogt  ^^  and  Hansen  and  Blanco'^^  show  ttrat  70  percent  of  the  sources  brighter  than 

an  apparent  magnitude  of  3.0  at  2.2  /jm  are  M  giant  stars.  Further,  the  mode  of 

spectral  types  is  Mo  to  MO  with  half  of  all  sources  in  the  survey  having  spectral 

types  within  two  subc'lasses  of  this.  The  stellar  content  of  the  background  is 

assumed  to  be  due  to  Ma-Mti  giants  which  have  an  infrared  color  temperature  of 

2'i00"k.  This  approximation  is  in  agreement  with  the  findings  of  Harris  and 
3  2 

l{owan-Hobinso?.  for  the  subclass  of  sources  in  the  AFCHL  catalog  (Walker  and 

2!'.  Grasdalen,  G.  I..,  and  Gausted,  J.  E.  (1071)  A  Comparison  of  the  Two-Micron 
Skv  Survey  with  the  Dearborn  Catalog  of  Faint  Med  Stars  Astronom.  J. 
7k';231.  - 

30.  Vogt,  S.S.  (1073)  l.ow  Dispersion  Spectroscopic  Classification  of  the  Uniden¬ 
tified  .Sour-ces  in  the  Two  Micron  .Sky  Survey.  Astronom.  J.  78:389. 

3  1.  Hansen,  ( ).  ,  and  Blanco,  V.  M^^  (197.3)  Classification  of  831  Two-Micron 

Sky  Survey  Sources  South  of +.3' ,  Astronom.  J.  80:1011. 

32.  Harris,  .S.  ,  and  llowan-Hobinson,  M.  (1977)  The  Brightest  Sources  in  the 
AFCHI,  Survey,  Astronomy  and  Astrophysics  (i0:405. 
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Figure  32.  The  11 -^ni  Sj^rfacc  Brightness  Measured  Along  the  Galactic  Plane. 
The  resolution  is  about  0.  7  in  longitudLe,  The  measurement  uncertainty  is  about 
5  X  10"^^  W  cm  ■‘^um"l  sr"^  with  about  5  times  that  value  in  the  longitude  region 
1"  <  f  <  a« 


I'igure  33,  Tiie  20-nm  Surface  Brightness  Measured  AloM  the  Galactic  Plam 
Tile  measurement  error  is  estimated  to  be  about  3  X  lO'^^W  cm"^  Min"^  sr" 
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Price)*  they  classify  as  stars.  Harris  and  Rowan-Robinson  also  found  that  for 

their  subclass  of  stars  that,  in  general,  no  excess  emission  is  evident  at  4.  2  fxm 

while  on  the  average  0.  6  and  1.  1  magnitudes  of  infrared  excess  exists,  at  11  and 

13 

20  respectively.  Gerhz  et  al  also  obtained  a  mean  ^olor  excess 

m(4.8pm)  -  m(11.4)  of  0.6  to  0.7  magnitudes  on  sources  selected  from  the  AFGL 
catalog,  which  they  classify  as  stars. 

The  assumed  background  is,  therefore,  composed  of  black-body  radiators 
with  a  characteristic  temperature  of  2500'’k  which  have  excesses  at  11  ^m  and 
20  um,  respectively,  of  1.  75  and  2.  75  over  the  flux  obtained  by  extrapolating  along 
the  black-body  curve.  The  surface  brightness  at  4,  11  and  20  ^m  are  then  extrap¬ 
olated  to  be  0.28,  0.02  and  0.003,  respectively,  times  that  at  2.4  ^m  if  effects  of 
interstellar  extinction  are  not  important.  The  observed  ratios  are,  in  sequence, 
0.33,  0.20  and  0.05. 

21  20 
Oda  et  al  and  Okuda,  Maihara,  Oda  and  Sugiyama  determined  that  the  sur¬ 
face  brightness  at  2.4  ^m  along  the  galactic  plane  has  been  dimmed  by  about  a 
factor  of  4  within  8**  of  the  galactic  center  and  halved  at  1  ~  25°,  due  to  interstellar 
extinction.  The  absorption  coefficient  at  4.2  pm  is  estimated  to  be  about  half  that 

at  2.4  pm,  that  is,  A.  „  ~  0.  5  A„  .,  from  van  de  Hulst  curve  15  given  by 
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Johnson  and  from  the  analyses  of  Becklin,  Mathews,  Neugebauer  and  Wilner. 

The  difference  in  interstellar  extinction  between  2.  4  pm  and  4.  2  pm  would  bring  the 
calculated  and  observed  surface  brightness  into  even  better  agreement. 

The  situation  at  the  longer  wavelengths  is  not  as  clear.  The  van  de  Hulst 
curve  15  predicts  extinction  coefficients  at  11  and  20  pm  which  are  a  fifth  and  a 
tenth  that  at  2.  2  pm,  respectively,  but  the  analyses  of  Becklin  et  al  lead  to 
values  of  ~  A,,2  and  A2Q  0.3  A2  g-  best,  the  predicted  stellar  back¬ 

ground  at  11  and  20  pm  underestimates  that  observed  by  an  order  of  magnitude  and 

additional  sources  of  mid-infrared  emission  are  required. 

32 

Harris  and  Rowan-Robinson  have  divided  the  contents  of  a  "reliable"  subset 
of  the  AFCRI,  catalog  into  three  categories  based  upon  the  4,  11  and  20-pm  survey 
photometry.  These  classes  are:  "stars"  with  m(4)-m(ll)  <  2.0,  " circumstellar 
dust  shells"  with  m(4)-m(l  1)  ^  2.  0  and  m(ll)-m(20)  <  2.  0,  and  "dust  clouds"  which 
have  m(4)-m(ll)  >  2  and  m(ll)-m(20)  >  2.  The  "dust  clouds"  are  almost  chiefly 


33.  Johnson.  H.  1..  (1968)  Interstellar  Kxtinrfion  in  Nebulae  and  Interstellar 

Matter,  Vol.  VII  of  Stars  and  Stellar  System,  Middlehurst  and  Alien,  ed.  , 
L'niversity  of  Chicago,  Chicago,  p.  167. 

34.  Becklin,  K.V..,  Mathews,  K. ,  Neugebauer.  G. ,  and  Wilner,  S.  P.  (1978) 

Infrared  Observations  of  the  Galactic  Center.  IV.  The  Interstellar 
Extinction,  Astrofjhys.  J.  220:831. 
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composed  of  UII  regions  (Rovvan-Robinson).  Thus,  these  two  classes  of  objects 

are  markedly  brighter  at  11  and  20  than  at  4  pm. 

32 

Harris  and  Rowan-Robinson  found  that  in  the  subset  of  objects  they  selected 
from  the  AFCRL  catalog,  the  " ciroumstellar  shells”  and  "dust  clouds"  are  signif¬ 
icantly  more  iiumerous  above  the  flux  cutoff  of  m(ll)  =  -2.0  and  m(20)  =  -4.0. 

These  excesses  are  increased  if  account  is  taken  of  the  revisions  in  the  AFGL 

32 

catalog  (Section  9  of  Harris  and  Rowan-Robinson).  There  are  roughly  41  sources 
brighter-  than  m(ll)  -  -2.5  and  m(20)  “  -4.0  in  the  AFGL  catalog  if  the  source 
counts  are  normalized  to  rr  steradians.  Assuming  that  a  typical  star  has  colors  of 
m(4)-m(ll)  =  0.  6  and  m(4)-ni(ll)  =  1.  1,  one  notes  that  the  4-pm  source  counts 
predict  that  7.  3  stars  contribute  to  the  count  at  1 1  pm  and  3.  5  at  20  pm.  7’hc  non- 
stellar  objects  are  thus  5.  5  times  more  numerous  than  star's  at  1 1  pm  and  12  tinres 
at  20  pm.  If  these  sources  contribute  to  the  infrared  background  in  the  same 
proportions  dinvn  to  very  low  levels,  then  this  could  accourrt  for  about  a  thir-d  erf  the 
observed  diffuse  emissirrn  at  11  and  20  pm. 

A  somewhat  more  complex,  multicomponent  model  of  the  mid-infrared  back¬ 
ground  was  developed  by  Walker  and  Price  based  upon  the  content  of  the  AFC'RI. 

catalog  (Walker  and  Price).  ^  This  model  assumes  that  the  space  density  of  sources 

3  8 

var-y  in  the  same  fashion  as  that  found  by  Hidajat  and  Blanco  for-  late  M  giants  in 
the  direction  of  the  nuclear  bulge.  Srecifically 


D(R,  7.)  = 


n(0,  0) 

2  ~ 
(R  -t-  R“) 

c 


-7^/2a^ 


(8) 


The  distance,  in  cylindrical  eoor-dinates,  from  the  galactic  center-  and  heiglit  above 
the  plane  ar-c  given  by  the-  var  iables  R  and  z.  respectively;  is  the  char-acteristics 
size  of  the  core  region.  Tht-  par-arneters  a  and  n(0,  0)  ar-e  the  scale  height  of  the 
disk  and  central  density  of  the  class  of  sources  in  question.  These  values  are 
either  adopted  or  der-ived,  alorrg  with  the  intrinsic  luminosity,  for  each  component 
of  the  model.  A  value  of  3  kpc  for  was  selected  as  giving  a  reasonable  fit  to 
the  galactic  rotation  i-urve  if  the  mass  dislr-ibirtion  interior-  to  the  sun  is  given  by 
Fq.  (8).  T'he  ratio  of  source  densities  between  the  galactic  center  and  the  solar- 
neighborhood,  is  six  times  gr-eater-  tharr  that  found  by  Hidajat  and  Blanco.^*’ 


3,5.  Rowan-Robinson,  M.  (1979)  Clouds  of  Dust  and  Molecules  in  the  Galaxy, 
Astrophy's.  J.  2,34:111. 

■39.  Hidajat,  B. ,  and  Blanco,  V.M.  (19118)  Distribution  of  Giant  M  Stars  in  the 
Galactic  Disk,  Astron.  J.  7.3:712. 


The  AFCRL  catalog  was  divided  into  two  subsets,  one  composed  of  Ic  c  type 

giant  stars  with  a  value  of  o  =  450  pc  taken  from  Hidajat  and  Blanco;  the  other  is 

a  collection  of  objects  confined  to  the  disk  (for  example,  compact  HII  regions, 

supergiants  and  so  on)  with  an  assumed  a  =  100  pc.  The  catalog  limits  were  not 

faint  enough  to  see  out  of  the  plane  of  giant  stars,  which  is  in  agreement  with, 

37 

Hughes  and  the  fact  that  in  general  only  the  reddest  sources  in  the  TMSS  with 
K  >  1.  5  were  included  in  the  AFCRL  catalog.  The  intrinsic  luminosities  of  the 
disk  sources  are  large  enough  that  these  sources  have  a  pure  disk  population.  The 
volume  emissivity  of  each  class  of  sources  was  found  by  a  least  squares  solution 
to  the  source  counts  in  each  color  as  a  function  of  irradiance,  assuming  a  purely 
spherical  distribution  for  the  giants  and  a  pure  disk  distribution  for  the  remainder, 
that  is, 

=  a^  H-3/2  ^  a2  Il'l 

where  N(HA.)  is  the  number  of  sources  in  color  (^)  brighter  than  an  irradiance 
and  the  volume  en)issivities  near  the  sun  is  a^  for  the  giants  and  for  the  disk 
population. 

The  volume  emissivities  then  derived  lead  to  the  following  mean  colors  for 
each  class:  m(4)-m(ll)  =  2.1  and  m(ll)-m(20)  -1.3  for  giants,  m(4)-m(ll)  =  2.9 

and  m(ll)-m(20)  =  1.8  for  the  disk  sources.  These  colors  are  consistent  with 

33 

those  of  Harris  and  Rowan-Robinson'  '  if  the  sources  in  the  "dust  shell"  category 

are  distributed  among  the  other  two  subsets. 

The  density  gradient  derived  from  Kq.  (8)  in  the  solar  vicinity  is  about  half 

those  obtained  from  the  exponential  volume  emissivitv  models  proposed  bv 

38  '39 

Hayakawa,  Ito,  Matsumoto  and  Fyama  and  Maihara  et  al  to  account  for  the 
observed  diffuse  2.4  pm  emission.  These  exponential  models  also  include  the 
effects  of  interstellar  extinction  taken  to  be  ()roportional  to  the  observed  galactic 
distribution  of  molecules.  The  apparent  volume  emissivity  of  the  exponential 
models  is  reduced  to  within  a  factor  of  2  of  that  in  Eq.  (8)  if  account  is  taken  of  the 
interstellar  extinction  interior  to  the  sun. 


37.  Hughes,  E.  C.  ,  Jr,  (1.989)  The  l.uminosities  and  Spatial  Distribution  of  Stars 

Detected  on  a  Two  Micro  Sky  Survey.  Ph.  D.  dissertation,  California 
Institute  of  Technology, 

38.  Hayakawa,  S. ,  Ito,  K. ,  Matsumoto,  T. ,  and  I'yama,  K.  ( 1977)  Overall 

Distribution  of  Infrared  Sources  in  C)ur  Galaxy,  Astronomy  and  Astrophysics 
M:32r).  '  - - - 

39.  Maihara,  T.,  Oda,  N. ,  .Sugiyama,  T. ,  and  Okuda,  H.  (1978)  2, 4'Micron 

Observation  of  the  Galaxy  and  the  Galactic  Structure,  Publ.  Astron.  Soc. 
Japan  30:1. 


Table  fi  compares  the  observed  surface  brightnesses  along  the  galactic  plane 

at  various  colors  and  those  calculated  by  means  of  Eq,  (8).  The  columns  are  the 

respective  surface  brightnesses  at  the  various  labeled  longitudes.  The  first  row 

of  Table  6  represents  the  2.4  observed  surface  brightness  from 
2*1  40 

Havakawa  et  al  and  Ito  et  al.  The  model  values  derived  from  the  work  of 
41  42  43 

Krassner,  Krassner,  Hilgeman  and  Bressenden,  Leisawitz  and  Krassner 

are  listed  in  the  second  row.  This  work  uses  a  variation  of  Eq.  (8)  and  derives 
the  model  parameters  from  the  Two-Micron  Sky  Survey  (Neugebauer  and 
Leighton).  The  model  results  have  been  scaled  to  account  for  the  small  shift  in 
wavelength  and  to  adjust  the  absolute  magnitude  and  space  density  to  more  realis¬ 
tic  values.  The  next  three  rows  give,  respectively,  the  observed  4-pm  surface 

44 

brightness,  the  model  values  from  Eq.  (8)  given  by  Greenebaum  and  the  model 
values  increased  at  t  -  20*^  and  30°  in  the  same  proportions  as  those  required  at 
2.4  pm  to  bring  the  observed  and  model  values  into  agreement.  This  enhancement 

is  a  crude  approximation  to  account  for  the  5  kpc  ring  of  additional  stellar  sources 
4  0 

proposed  by  IVIaihara.  The  Greenebaum  article  corrects  roundoff  erjors  in  sonn* 
of  the  integration  algorithms  used  bj'  Walker  and  Price.  The  equivalent  compar¬ 
ison  between  the  observed  and  calculated  surface  brightnesses  at  11  pm  are  given 
iq  the  next  thi'ee  rows  and  the  20-pm  values  are  presented  in  the  last  three  rows. 


Table  fi.  Comparison  of  the  Observed  Surface  ^^rightnesses  with 
Those  Pr«-dicted  from  the  Walker-Price  Model 
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Because  of  the  large  number  of  references  cited  above,  they  will  not  be  listed  here. 
See  References,  page  89. 
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Very  good  agreement  between  the  model  and  observations  is  apparent  at  the 

short  wavelengths,  while  the  model  underestimates  the  11-  and  20-^m  observations 

by  a  factor  of  2  io  3.  A  qualitatively  similar  result  was  obtained  earlier  by  simply 

extrapolating.  Thus,  although  late  type  giant  stars  are  significant  I'onli'ibutoi's  to 

the  infrari'd  background,  accounting  foi'  almost  all  the  diffuse  emission  shortward 

of  a  ij,  other  sources  dominate  at  11  and  20;jm.  The  AFGI.  c  atalog  contents  show 

that  much  of  tlie  observed  11-  and  20-;jm  background  is  due  Ui  stars  w  itli  deep 

circumstellar  shells,  bipolar  nebulae  and  compact  1111  region. 

There  is  some  evidence  for  the  hypotheses  that  there  is  a  significant  diffuse 

component  of  the  background  at  lland20jam.  Strom,  Strom.  Grasdalen  and 
4(i 

Capps  found  a  reasonably  good  corredation  between  the  1 1 -c.m  fluxes  iiu-asurc'd 

47 

by  Altenlioff,  Downes,  Gicod,  Aiaxwell  and  K'inehart  and  the  11  and  20-^m  mag¬ 
nitudes  from  the  AFGI.  catalog  on  the  HU  i-egions  common  to  both  lists.  The 

4(> 

rc'laf ionship  is  given  in  Figures  1  and  2  of  Strom  et  al  and  can  be  expressed  as 

2.  a  log  S(ll  cm)  :  0.  5  -  m(ll  /jni)  -2  -  m(20  jj)  or,  in  terms  of  flux  units 
S(ll  ^m)  =  3S(20  ^jm)  -  20  F(ll  cm).  The  magnitude  difference  of  the  59  sources 
studied  by  Howan-Hobittson'’'’  is  m(ll)-m(20)  -  2.  0  ±  0.  .a,  m  agrc'ement  with  the 
relationship  derived  abov'e.  l.ebofsky,  Sargent,  Kleinmttnn,  and  Hii'kc  “have 

argued  that  the  11 -pm  flux  de[)('ndence  on  thc'  11  cm  values  should  be  halved  on 

4 

the  basis  that  Strom  ot  al  biased  their  sample  by  |>rere nmlia lly  sidecting  the 

brightest  1111  regions, 

4 aO 

M(’/ger  and  Fn/i..'  find  (h:it  thei-inal  free-frc'c  and  bound-trer  11 -rn: 
('mission  lu'coii'.es  significant  when  a  I'oinpact  1111  region  becomes  opticallv  visible'. 
Doth  stages  of  evolution  luive  significant  amounts  of  m id -infra re'd  ('mission  from 
the'  dust  shell  surrounding  tlu-  I'xciting  star.  Some  corrc'lation  betwa'en  11 -cm  and 
niid-infrared  emissi(>n  is,  therefore,  ('Xpc'cted  for  these  UU  regions.  Mc^zger^'' 
has  pfopftsed  tl'.at  the  thermal  ennssicin  measured  along  the  galactic  plane  in  the 
■■adie  regien  can  be  excdained  as  .arising  from  a  large,  extendi'd,  low  dc-nsity  1111 
rc'gion  created  liv  tiie  overla(i()ing  Stromgrc'n  spheri's  of  tlu'  0  stai-s  in  the  galactic 
plane  which  have  dissipated  their  ocitic  U  Mil  regions.  If  a  continuum  of  evolution- 
arv  states  of  1111  regioti-S  co-exi.st  with  the  low  densit;.  ionized  region  and  a  range 
of  dust  t el  1 1  pt' ra t u  re  <tccur  in  the  low  density  regii'ti,  then  sonu’  c( . na'lat  ion  should 
exist  between  the  I.idio  flux  and  that  m  the  nud-inf  ra  red. 

A  oorridatioii  was  noted  previously  for  the  (.  ygnus  X  ri-gion  betwi'cn  the  11  cm 

■>  U 

un!’»’.S('lvrrl  t’nussi..Ti  .'hscM  Vfd  by  \V<'ndkri-''  and  tln'  niid-infmrt'd.  Tho 

f  n  id  -  i  nf  ra  rf'f)  .surfaci'  hritjhinc’ss  is  c'xpiM’sst'fi  in  terms  <>f  radio  bi'ightnrss 

ib‘cau.s('  of  fh*'  laree  numl-'er  tw'  r-etVia'noos  rittvi  above,  tliey  will  not  be  listed  here. 
See  b’eierenccs,  oa'n-  ‘i“. 


temperature  as  1(11)  ~  2.  51(20)  ~  2  Tg  (°K  ^)  X  10  W  cm  ^  pm  ^  sr.  In 

terms  of  flux  density  for  the  respective  fields  of  view,  the  ll-cm  and  11-pm  fluxes 

are  S(ll  pm)  ~  13  S(ll  cm)  for  this  region,  a  value  quite  similar  to  that  obtained 
50 

by  Lebofsky  et  al'  for  HII  regions  in  general.  If  this  relationship  also  applies  to 

the  region  10°  <  (  <  30°,  then  the  2.  8°K  brightness  temperature  along  the  galactic 

49 

plane  observed  by  Altenhoff  et  al  at  11  cm  predicts  an  11  and  20-pm  surface 

brightness  of  fi  and  2  X  10  W  cm  pm  ^  sr  respectively.  The  ratio  between 

the  11  and  20-pm  diffuse  backgrounds  in  the  Cygnus  X  region  is  higher  than  the 

4  0  3  5 

avei  age  for  the  HII  regions  studied  by  Strom  et  al  and  Rowan-Robinson, 

1(11)  1(20)  ~  2  to  2.  5  as  opposed  to  1(11)  ~  1(20).  The  high  resolution  map  of 

o') 

Price  for  this  area  show  that  the  1(11)/I(20)  values  for  the  discrete  AFGL 
sources  contained  therein  are  the  sahie  after  deconvolution  as  are  in  the  AFGI, 
ctitalog.  Thus,  if  either  the  11  or  20-pm  diffuse  measurements  are  systematically 
changed,  then  the  1(11), 1(20)  ratio  of  the  HII  regions  will  scale  similarly,  preserv¬ 
ing  the  discrepancy.  The  possibility  that  the  deconvolution  systematically  scales 
the  low  frequencies  differently  at  20  pm  than  at  1 1  pm  is  countered,  in  part,  by 
the  fact  that  the  color  ratios  measured  along  the  ecliptic  plane  on  the  e  Sgr  flight 
(Price,  Marcotte  and  Murdock)  are  as  low  as  the  physics  will  allow  unless  an 
exotic  ptirticle  comiiosition  ai  plies.  These  deconvolved  measurements  have  a 
cliaracterist ic  frequency  of  tboul  1  liertz.  The  surplus  of  11  pm  emission  over 
that  predicted  in  tlie  region  'f  !  »  P,''  is  a)ipaVently  real. 

It  is  proposed  tluit  tlu'  diffuse  infrared  background  shortward  of  5  pm  is  due  to 
stars,  the  majority  of  wliicli  are  giants.  About  li.alf  of  the  galactic  background 
observed  at  1 1  pm  and  almost  all  Riat  at  20  m  can  be  expl.ained  as  IJIJ  regions 
along  the  lino  of  sight.  Tliis  im  hides  a  possibly  significant  contribution  from  a 
large,  extended  low -density  eom|)onent.  The  remaining  11  and  20  pm  are  probably 
due  to  circumstellai-  shell  sources  plus  othm-  disk  population  objects. 

7.  (;ON(;iA  5IO> 

Al'out  tlicce  qu.ii  tiM  S  of  the  galactic  jilano  has  been  surveyed  in  the  mid-infra¬ 
red.  rlu'  chsersa  d  in-plane  variations  of  surface  brightness  is  qualitatively  very 
similar  (o  measurements  .at  other  w  ;i  vtdengtlis;  tliis  includes  the  enhancements 
..hseried  m  tin-  haitritude  recions  20°  «.  (  <  3.5°  and  70°  <  f  <  7,5°. 


'2.  Price,  S.  1).  (1!'H0)  Medium  th'Solution  IR-Maps  of  the  Cygnus  X  Region, 

Hull.  Am.  Astron.  Soe.  12  (in  press). 

53.  Price,  S.  D.  ,  Mara  otte,  I..  P.,  and  Murdock,  T.  I,.  (1 980)  Infrared  C^bserva - 
tion.s  of  tile  /'ofliaeal  Dust  Cloud,  Astronom.  J.  85:755. 


The  4-^ni  measurements  are  explainable  in  tei-ms  of  the  2,4-pm  balloon 
borne  observations  and  both  backgrounds  being  due  to  late  type  giant  and  super¬ 
giant  stars.  The  stellar  contributions  at  the  11  and  20  pm  ai'e  about  an  order  of 
magnitude  lower  than  what  is  measured.  The  source  counts  of  the  11  and  20-pm 
contents  of  the  AKGI.  catalog  indicate  that,  in  the  mid-infrared,  objects  such  as 
stars  with  optically  thick  dust  shells,  bipolai-  nebulae  and  compact  1111  regions  are 
extrapolated  to  be  significant  contributors  to  the  diffuse  galactic  background.  A 
large  scale  diffuse  mid-infrared  emission  may  also  exist  wliicli  is  correlated  with 
the  free-free  thermal  emission  at  11  cm. 

A  number  of  discrete,  extended  sources  were  found  within  a  degrees  of  the 
galactic  plane.  Almost  all  of  these  objects  can  be  associated  witli  Hll  regions, 
altliough  a  third  of  tliem  were  not  included  in  the  Al'Cil.  catalog.  This  implies  that 
nil  are  more  populous  objects  than  the  catalog  currently  predicts. 


t;a 
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Appendix  A 

Intensity  Grids  for  the  4,  11,  and  20^m  Spectral  Bands 
Over  the  Region  -0.7  <  t  <  30°,  I  bl  «  4° 

This  Appendix  contains  the  intensity  grids,  generated  after  the  data  had 
been  smoothed  in  rocket  azimuth  at  constant  zenith  angle  and  in  longitude  at  con¬ 
stant  latitude  by  an  iterated,  nonlinear,  weighted  parabolic  regressive  filter.  The 
resolution  is  approximately  0?,')  in  latitude  and  0?8  in  longitude.  The  extensive 
grids  listed  in  this  Appendix  are  included  in  order  to  provide  much  better  resolu¬ 
tion  than  obtained  from  the  contour  plots  presented  in  the  text.  This  resolution  is 
useful  in  separating  the  extended  sources  from  each  other  and  the  diffuse  back¬ 
ground. 

Table  A1  lists  the  4  ^m  observed  intensities  every  ofl  in  galactic  latitude 
and  longitude.  The  longitude  increases  across  the  table  and  every  degree  is 

appropriately  labeled  at  the  lop.  The  latitude  varies  between  -4'^’  and  -*4°,  labeled 

- 1 1  -2 

at  the  left  of  the  gi  ifl  for  every  degret'.  Tin-  entries  are  in  units  of  10  W  em 
(jin  ^  sr  The  blank  entries  aie  areas  of  no  data,  either  because  the  region  is 
out  of  bounds  of  the  scan,  or  beyond  the  adopted  source  limits.  The  data  in 
Table  A1  have  been  plotted  as  a  contour  map  in  Figure  Al. 

The  11 -(jm  intensity  grid  is  listed  in  Table  A2.  The  format  is  the  same  as  for 
Table  Al.  Again  the  entries  are  in  units  of  10  W  em  ^  /jm  ^  sr  Figure  A2 
is  the  ll-jum  contour  ma|)  generated  from  the  intensity  grid  listed  in  Table  A2. 

The  20-pm  intensity  grid  ff)r  this  region  is  given  in  Table  A3.  The  format  is 

-11  -2  - 1 

the  same  as  for  Tables  Al  and  A2  and  the  entries  are  also  10  W  cm  /4m 
sr  The  blank  holes  and  stripping  in  the  gridoerurred  when  two  or  more  adjacent 
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Figure  Al.  4-(jm  Contour  Map  for  the  Region  -0.7  <■  f  ^.'12^’.  This  map  was  gen¬ 
erated  from  the  intensity  grid  in  Table  Al.  'I'he  outermost  contour  is  a  X  lO'tl  \v 
cm'^  um*^  sr"^  with  each  succeeding  contour  level  being  an  increase  of 
5  X  10'^^  \V  ctn~“uni”^  sr'^ 


Figure  A2.  ll-utn  Iso-Intensity  Map  for  the  Region  -0.  7  <  f  3.")  .  The  lowest 
contour  represents  a  brightness  of  1  X  10"^^  \V  cm'^  sr'^,  the  next  level  is 

2  \  10'^‘  \V  cm'-  u.ni'^  sr"^  and  each  subsequent  level  is  a  brightness  increase 
of  2  X  10"  ^  Mv  cm ^jin  sr~  M 1,  2,  4,  (!,  etc.  X  10" ^  ^  \V  cm  yin sr'M. 
Contours  in  the  region  (  <  3"  have  been  limited  to  levels  brighter  than  ti  X  10"^^ 

\V  cin"^  sr'^  due  to  a  larger  noise  for  the  scans  across  this  area.  Highes 

contour  shown  is  a  X  10"^®  W  cm'2  yin'^  sr"‘  which  is  less  than  the  peak  bright 
ness  ol  Al  17 


ll-Utn  Iso-Intensity  Map  for  the  Region  -0.  7  <  f  3.')  .  The  lowest 
r-csents  a  brightness  of  1  X  10"*^^  \V  cm'^  sr"^,  the  next  level 

cm'-  u.m'^  sr"^  and  each  subsequent  level  is  a  brightness  increase 
‘  VV  cm'2  sr'^  (1,  2,  4,  (i,  etc.  X  10'^^  \V  em'^um'^  sr'M. 


s  this  area.  Highest 
than  the  peak  bright - 
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Intcnsitv  (ir  id  ()v<  r  tht*  Hogion  “0/7  <  H  <  32  (in  units  of  10  VV  cm  sr  ^)(Cont. 


S2  (in  units  of  10  W  cm  sr  (Cont, 


Table  Al.  4-/ini  Intensity  Grid  Over  the  Region  -0.  7  <■  I  <  32  (in  units  of  10 


Table  A2.  Intensity  Grid  Over  the  Hegion 
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Intensity  Grid  Over  the  Region  -0?7  <  i  <  35*^  (in  units  of  10 


Table  A3.  20-itm  Intensity  Grid  Over  the  Region  -0?7  <  i  <  35°  (in  units  of  10 
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Table  A3.  20-fim  Intensity  Grid  Over  the  Region  -0?7  <  t  <  35°  (in  units  of  10 


Table  A3.  20-nm  Intensity  Grid  Over  the  Region  -0?7  <  1  <  35°  (in  units  of  10  W  cm'^  ^  sr"^)  (Cont. 
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Table  A3.  20-/jm  Intensity  Grid  Over  the  Region  -0.  7  <  I  <  35  (in  units  of  10 
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Table  A3.  20-jim  Intensity  Grid  Over  the  Region  -0?7  <  i  <  35°  (in  units  of  lO'^^  W  cm“^  sr”^)  (Cont.) 


channels  were  missing.  The  data  from  these  channels  were  eliminated  due  to 
nonlinear  effects  such  as  saturation,  which  cannot  be  compensated  for  in  the  re¬ 
storation  procedure.  In  the  case  of  the  o  Lyr  experiment,  six  of  the  20-/um  chan¬ 
nels  malfunctioned.  The  gaps  in  coverage  left  by  these  malfunctioning  channels 
produce  the  stripping  in  the  20  jim  intensity  grid  in  Table  A3  and  Figure  A3  at  the 
positive  latitude  for  longitudes  greater  than  20°. 

Effects  of  noise  and  uncertainties  associated  with  the  restoration  process  are 
evident  in  Figures  Al,  A2  and  A3.  The  wings  in  Figure  A1  at  /  ~  22°  to  26°  and 
the  satellite  sources  at  I  ~  13°,  b  ~  3?5  and  f  ~  16°,  b  ~  -3?5  are  caused  by 
inadequate  baseline  compensation.  Baseline  problems  also  cause  the  "pinching" 
of  the  contours  in  all  these  plots.  These  wings,  satellite  sources  and  pinching, 
all  occur  along  lines  of  constant  rocket  zenith  angle.  These  problems  seldom  show 
up  at  the  second  contour  level  or  brighter. 

The  quality  of  the  20  ym  data  is  markedly  lower  than  that  at  4  and  11  ym  as 
may  be  seen  from  the  figures.  The  20-|um  observations  come,  dominatingly,  from 
the  a  CrB  experiment.  As  pointed  out  in  the  text  scans  across  the  galactic  plane 
from  this  flight  were  significantly  longer  than  the  overlapping  a  Lyr  experiment. 
The  baseline  corrections  were  necessarily  longer  for  this  experiment  and  the 
spectral  frequency  content  of  the  detection  of  the  diffuse  emission  from  the  galactic 
plane  was  lower.  The  double  integration  used  in  the  restoration  routine  produces  a 
quadratic  dependence  of  gross  baseline  errors  on  the  duration  of  data  length 
processed.  These  two  experiments  used  the  same  telescope  system  and,  conse¬ 
quently,  the  observations  should  contain  the  same  noise  characteristics.  At  low 
frequencies  this  noise  should  have  been  roughly  proportional  to  1/f  (f  =  frequency) 
before  the  signal  was  band  shaped  with  the  high  pass  electronic  filter.  Thus,  not 
only  were  the  baseline  uncertainties  larger  for  the  o  CrB  experiment  than  for  the 
Lt  Lyr  flight  due  to  the  longer  scan  time  across  the  galactic  plane,  but  the  lower 
frequency  content  produced  by  the  diffuse  emission  from  the  plane  resulted  in  a 
lower  signal-to-noise  measurement  in  the  restored  data. 

Further,  constant  rocket  zenith  angles  with  respect  to  the  o  CrB  experiment 
form  arcs  m  the  Figures  A2  and  A3.  Since  the  observed  diffuse  mid-infrared 
emission  is  almost  constant  as  a  function  of  longitude  in  this  region,  the  sections 
of  scan  which  cross  constant  latitude  lines  at  smaller  angles  will  detect  the  emis¬ 
sion  at  lower  spectral  frequencies  which,  in  turn,  results  in  a  Irrwer  signal-to- 
noise  in  the  restored  data.  The  sections  of  the  o  CrB  scans  which  are  at  negative 
latitudes  are  shallower,  with  respect  to  constant  latitude  lines,  than  those  at 
positive  latitudes  as  may  be  seen  in  Figure  A3.  The  11 -pm  map  in  Figure  A2  more 
clearly  shows  the  change  in  signal-to-noise  in  going  from  negative  to  positive  lat¬ 
itudes.  Here  the  data  from  the  ,i  CrB  flight  has  been  averaged  with  that  from  the 
better  quality  n  Lyr  experiment,  but  the  striping  from  the  ,>  t  rB  experiment  is 


WAVELENGTH  20  MICRONS 


Figure  A3.  20-uni  Map  of  the  Galactic  Plane  in  the  Region  -0?7  <  t  <  35°.  The 
lowest  contour  is  5  X  10'^2  cm“2  sr'^,  the  next  level  is  1  X  ^  cm" 

prn"^  sr"^  and  each  Succeeding.  Level  an  Increase  of  I  X  10“^^  iV  cm "2  ^m*I  sr"^ 
(0.  5,  1,  2,  3,  35c  X  10"!^  W  cm^  #<m"^  sr"^.  The  contours  in  the  area  i  <  S'T  are 
limited  to  being  brighter  than  2  XlO'^l  ffj  cm"2  sr*^  due  to  the  increased 

noise  for  the  scans  across  this  region.  The  hole  in  M17  is  caused  by  limiting  the 
brightest  contour  to  5  X  10"1“  W  cm"2  jjm'J-  sr*^ 


evident  at  negative  latitudes.  Sources  which  are  relatively  small  in  extent  on  either 
flight,  for  example  the  galactic  center.  M16,  M17  and  NGC  6604,  are  restored  with 
good  fidelity  on  either  flight. 

Although  the  signal  to  noise  of  the  restored  measurements  on  the  diffuse  emis¬ 
sion  from  the  galactic  plane  depended  on  the  latitude  of  the  pole  star,  reasonably 
good  data  were  obtained  on  all  the  flights.  Additional  smoothing  of  the  measure¬ 
ments  shown  in  Figures  Al,  A2,  and  A3  improved  the  signal -to-noise  considerably. 


Appendix  B 

Intensity  Grids  at  11.  2D  and  27  ttm  of  the  Galactic 
Plane  Between  35°  and  95**  Longitude 

Tables  Bl,  B2  and  B3  list  the  11-,  20-  and  27-ym  intensity  grids,  respectively, 
of  the  data  in  this  longitude  region  after  restoration,  baseline  correction,  and  the 
two  dimensional  nonlinear  smoothing.  The  format  is  the  same  for  all  three  tables; 
the  longitude  increases  from  left  to  right,  latitude  increases  from  -4°  to  +4®  from 
the  bottom  to  the  top  of  the  page.  Every  even  degree  in  latitude  and  longitude  is 
labeled.  The  intensity  values  are  in  units  of  10*^^  W  cm'^  pm”^  sr*^  and  are 
listed  every  0?1  in  longitude  and  latitude.  The  spatial  resolution  of  these  measure¬ 
ments  are  of  the  order  of  0?5  in  latitude  and  0?8  in  longitude  with  sources  smaller 
than  0?2  in  extent  being  eliminated  in  the  data  processing.  Blank  areas  are  either 
regions  not  scanned  by  the  experiments,  outside  the  limits  adopted  for  the  source 
or  were  created  when  two  or  more  adjacent  channels  were  eliminated  due  to  non¬ 
linear  effects  such  as  saturation. 

The  data  used  to  compile  the  intensity  grids  were  also  used  to  generate  con¬ 
tour  maps  which  have  the  same  resolution  as  the  tables.  Figure  Bl  shows  the 
11-pm  contour  map.  Figure  B2  the  20-pm  map  and  Figure  B3  the  27-fjm  measure¬ 
ments,  The  effects  of  the  o  CrB  (b  —  53?75)  is  apparent  as  stripihg  at  negative 
latitudes  between  45°  and  65°  longitude. 


Table  Bl.  11-nm  Grid  of  Intensities  Along  the  Galactic  Plane  Between  35  and  95  Longitude  (units  in 
10"^^  W  sr"l)  (Cont. ) 
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Table  Bl.  ll-fitn  Grid  of  Intensities  Along  the  Galactic  Plane  Between  35*^  and  95*^’  Longitude  (units  in 


Table  Bl.  H-jam  Grid  of  Intensities  Along  the  Galactic  Plane  Between  35^’  and  95^  Longitude  (units  in 
10“^^  W  cm"2  unn"^  sr"^)  (Cont.) 


Table  Bl.  Grid  o/  Intensities  Along  tne  Galactic  Plane  Between  35°  and  95°  Longitude  (units  in 

10"^^  W  cm“2  j^rn'l  sr"l)  (Cont. ) 
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Table  Bl.  Grid  of  Intensities  Alone  the  Galactic  Plane  Between  35“  and  95  '  Longitude  (units 

W  cm“^  sr'^)  (Ct)nt.  ) 
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Table  B2.  2D-jjm  Grid  of  Intensities  Along  the 
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Table  B2.  20-|irn  Grid  of  Intensities  Along  the  Galactic  Equator  Between  40  and  95  Longitude 

(units  in  W  cm"2  sr'^)  (Cont. ) 


Table  B2.  20-nm  Grid  of  Intensities  Along  the  Galactic  Equator  Between  40  and  95  Longitude 

(units  in  10"^^  W  cm'2  sr'M  (Cont.) 
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Table  B3.  27-(jia  Grid  of  Intensities  Along  the  Galactic  Plane  Between  40  and  85  Longitude 
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Table  B3.  21-nm  Grid  of  Intensitiep  Along  the  Galactic  Plane  Between  40°  and  85°  Longitude 
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Table  B3.  27-jim  Grid  of  Intensities  Abmg  the  Galactic  Plane  Between  40°  and  85°  Longitude 
(units  in  W  cm"^/in  “^  sr“^)  (Cont. ) 
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CHLriCTIC  LONGITUDE 


Figure  Bl.  11-um  Map  along  the  Galactic  Plano  Between  35°  <  i  <  95°.  Contour 
lev'els  are  1,  2,  4,  G,  .  .  .  X  10"^^  W  cm"2  ^m"l  sr"^ 


N4vt  *.  rlCI^ONS 


Figurr  B2.  20-ani  Map  of  the  Galactic  Piano  in  the  Region  40°  <  I  <  85°.  Contour 
levels  are  0.  5,  1.  2,  3,  .  .  .  V  ciii‘“  tim'l  sfl 


GRLRCTIC  lrtitude 


WAVELENGTH  21  MICRONS 
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GRLflC  T  IC  I  I'N'-I  HiDE 


Figure  B3.  27-wni  Map  of  the  Galactic  Plane  in  tjje  l'..-<?ion  40°  <  {  <  B5 
levels  are  2,  5,  5,  10,  15,  ...  X  10'“  W  cm~2  sr"* 
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Appendix  C 

Diffuse  11-  and  20-nm  Measurements  Along  the  Galactic 
Plane  Between  100°  and  240°  Longitude 


No  diffuse  emission  directly  associated  with  the  galactic  background  was  ob¬ 
served  at  these  longitudes.  F'urthcr,  the  HII  regions  were  observed  to  be  of  low 
surface  brightness,  for  the  most  part,  and  reasonably  well  separated.  The  con¬ 
fusion  and  ambiguity  in  the  contour  plots  are  not  as  much  of  a  problem  in  this 
region  as  for  other  longitudes.  Consequently,  the  intensity  grids  do  not  add  much 
more  information  than  the  high  resolution  plots  and  were  deleted  in  the  interest  of 
saving  space. 

The  ll'and  20-uni  contour  plots  of  the  restored  measurements  before  averaging 
over  a  circular  aperture  is  shown  in  Figures  Cl  and  C2  for  the  longitudes  between 
100°  and  170°  and  in  Figures  C3  and  C4,  respectively’,  for  the  region  between  195° 
and  245°  longitude. 
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GflLfiCT'C  LflrjTuDE 


wavelength  11  MICRONS 


GflLOCTIC  LONGITIJOE 


Figure  Cl.  The  11-^m  Contour  Map  Between  100°  and  170°  Longitude,  Contour 
levels  are  1,  2,  A,  6  and  8  X  10'^^  W  cm"^  sr“^  with  the  peak  of  8  X  10"^^  W 

cm'^  3r*‘  centered  on  the  W3  complex  at  1  ~  134o  and  b  ~  +1°.  Resolution 

is  about  0.  5  in  latitude  and  0?8  in  longitude  with  sources  smaller  than  0?2  across 
being  eliminated 


WAVELENGTH  20  MICRONS 
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omAciir  lONc.iMnt 

Figure  C2,  The  20-ym  Contour  Map  Between  100°  and  175°  Longitude.  Contour 
levels  are  0.  5,  1,  2,  3,  4,  5  and  6  X  10"^^  W  cm"2  um'^  sr'^  with  the  highest 
level  at  the  WS  complex.  The  resolution  is  0°4  by  0? 7  in  latitude  and  longitude 
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WOVELENGTH  11  MICRONS 


:,.i:  riifif 

Figure  C3.  The  11 -^ni  Map  Between  195^  and  240°  Longitude.  Contour  levels  are 
1,  2  and  4  X  lO'^l  W  cm"2  sr"l.  The  peak  emission  occurs  in  the  NGC  2244 

complex,  I  ~  207°  and  b  ~  -2°,  although  scans  across  NGC  2244  itself  and  NGC 
2204  were  elimingted  due  to  telemetry  problems.  The  spatial  resolution  is  of  the 
oVder  of  0?5  by  0.  8  in  latitude  and  longitude,  respectively 


GfllflCTlC  LONGlTunE 


Figure  C4.  The  20-nm  Map  of  the  Region  Between  195°  and  240°  Longitude  Along 
the  Galactic  Plane.  Contour  levels  are  0.  5,  1  and  2  X  10"“  W  cm"2  jjm"^  sr"^ 


Appendix  D 

Intensity  Grids  in  the  11 20-  and  27-um  Spectral  Bands 
Covering  the  Regions  280°  <  i  ;c  320°,  |b|^  4° 


The  grids  ot  the  Intensities  in  this  region  are  given  in  Table  D1  for  ll-;jrn 
observations;  Table  D2  for  the  20-pm  values  and  Table  D3  for  the  27 -pm  data. 

The  format  is  the  same  as  for  the  grids  in  the  other  Appendices;  longitude  in¬ 
creases  across  the  nage  and  latitude  decreases  down  the  page  with  every  degree 
labeled  in  each  coordinate.  Blank  streaks  through  the  data  are  due  to  two  or  more 
missing  adjacent  channels.  Blank  entries  are  also  listed  eJrternal  to  the  assumed 
limits  of  the  source. 

Figure  D1  shows  the  11-pm  contour  map  generated  from  the  same  data  base 
used  for  Table  Dl.  The  20  and  27-^m  iso-intensity  plots  are  shown  in  Figures  D2 
and  D3,  respectively. 
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Table  Dl.  Grid  of  Intensities  Along  the  Galactic  Plane  Between  £75  320*^  (units 

in  10“H  W  cm~2  sr"M 
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Table  D3.  Grid  of  27-(im  Intensities  Along  the  Galactic  Plane  Between  280°  ;<  1  <318°  (units 
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Figure  D2.  20-  jjm  Contour  Map.  The  iso-intensity  map  of  the  ZO-^m  data  used 

for  Table  D2  along  the  galactic  plane  from  280°  <t  <  320°.  Lowest  contour  value 
is  set  at  5  X  10'^”w  cm'^  jjm“^  sr“^,  the  next  B^righter  level  c  1  X  10*1*  W  cm" 
am"^  sr"^  with  each  succeeding  level  being  an  increase  of  1  v  10"^^  W  cm"^  ^m" 
sr'l;  that  is,  0,  5,  1,  2,  3,  4,  . . .  X  lO-H  W  cm'^  sr'l 
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Figure  D3,  27-jim  Contour  Map.  Iso-intensity  plot  of  the  27-um  measurements 
used  to  generate  Table  D3.  These  data  span  the  region  of  280”  to  320  longitude 
and  -4°  to  +4“  latitude.  The  lowest  contour  is  set  at  2.  5  X  10" H  W  cm"^  pm"* 
sr'l,  the  next  brightest  is  S  \  10'^^  W  cm"“  pm"^  sr"^ 


